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FOREWORD
Many of the studies sponsored by the Boston Urban Observatory clearly
reflect the concern of municipal policy-makers for the concept of "neighborhood."
Major segments of BUO reports on organized citizen participation, little city
halls, housing inspectional services, citizen attitudes, and local bus services
were devoted to neighborhood analysis and the implications of policy for this
critical level of urban perspective.
Although neighborhood dynamics have been a principal Interest of political
scientists, sociologists, planners and engineers for some time, only recently
have economists begun to focus on this level of urban life. The report which
follows, the effort of a team of economists from the University of Massachusetts
at Boston, represents a major contribution to the expanding literature in the
determinants of neighborhood expenditure patterns, and its findings should be
immediately useful to policy-makers in major agencies of the City of Boston.
Equally important, however, and particularly valuable for the long term
is the display of detailed information by neighborhoods which can assist de-
partmental administrators in making basic decisions about the allocation of
expenditure and manpower resources.
Joseph S. Slavet, Director
Boston Urban Observatory
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CHAPTER I
INTRODUCTION
A. Background and Purpose
Designed as a comparative undertaking by the National League of
Cities (NLC) , this study is officially entitled "National Research Agenda
Project No. 5: Substandard Housing and the Cost of Providing Housing-
Related Services." A similar study was carried out by the urban observ-
atories in Denver and Nashville. According to the study scope of services,
the NLC was interested in the cost of "a wide variety of local government
activities ... required to support and service urban housing," and how these
costs "are affected by housing quality, housing location, age and type of
structures. ..." It was also suggested that attention "be given to exam-
ining variations in the type and level of services provided on the basis of
such factors as housing ownership . . . and according to the demographic
characteristics of the occupants. In addition, consideration will be given
to identifying, insofar as possible, special costs related to substandard
housing and to estimating their magnitude."
More specifically, the following tasks were identified in the scope of
study services:
1. Develop indicators of standardness and substandardness ...
2. Identify typical housing areas of essentially uniform charac-
teristics . .
.
3. Determine the cost of providing housing-related services ...
4. Develop current and five-year projections of the cost of provid-
ing housing-related services if all housing were standard.
Implicit in the title of the study, and explicitly stated above in
item 4, was the assumption that the cost of housing-related services was
directly related to the quality of housing. In the earlier phases of our
investigation we were able to discover little theoretical rationale for this
-2-
assnned relationship. Our empirical findings support this contention. As
a result, the study had to be slightly redirected.
B. Scope
A "standard" public-finance inquiry of the determinants of expenditure
patterns was undertaken as part of this study. The literature in this field,
1
far too extensive to cite, includes numerous cross-sectional studies for
states and for standard metropolitan statistical areas (SMSA's). We under-
took a cross-sectional study based upon intra-city data for the City of
Boston for services for which we could obtain data, even if they were not
strictly speaking housing-related. Using standard statistical techniques,
we attempted to ascertain the extent to which variations in service expend-
itures "among neighborhoods" within Boston could be explained by various
socio-economic and geographic variables. We believe this makes the study
particularly unique. To our knowledge no intra-city study of this nature
has been conducted for as many services with as many observations. In this
sense, the study is not "standard."
Clearly the most difficult (and time-consuming) aspect of the study
was the development of reliable measures of expenditures for neighborhoods
within the City. In some areas we believe we were successful; in other
areas, not so successful. The results are reported for all services for
which we were able to make estimates.
To fulfill the charge of the NLC with respect to substandard housing
several steps were taken. First, alternative measures of substandardness
were developed. Second, we attempted to measure the effect of substandard-
ness on service expenditures even though only weak theoretical links were
identified. These results are reported in all cases. Finally, wherever
possible, attention was directed to the relationship between the quality of
housing and population characteristics and to the policy implications of the
-3-
substandard housing variables.
C. Outline of Study
Given our charge and our intention to stress "the quality of housing"
influence, in Chapter II we present an analysis of alternative definitions
of substandard housing and relate these definitions to important socio-economic
variables. In Chapter III the underlying data and methodology are described
(greater detail is given in Appendices A and B) . Chapter IV presents a sum-
mary of expenditure allocations and reviews the expenditure patterns by
neighborhoods. Chapter V brings together all of the data as we examine the
determinants of the expenditure patterns. In Chapter VI the conclusions are
reviewed and analyzed in terms of their policy implications.
This report can be read sequentially (Chapters II-VI, with an occasional
side-trip to an Appendix if more details are desired) by readers slightly
familiar with census data. (Readers not at all familiar with census concepts
might read Chapter III before Chapter II.) Policy makers in municipal
agencies can skip (or scan) Chapters III and V. But in doing so, they run
the risk of not knowing the assumptions underlying our expenditure alloca-
tions and the basis of our policy recommendations. Experienced researchers,
particularly those familiar with regression analysis, may wish to skip the
descriptive material of Chapter IV.
Finally it should be noted that the scope of the study was limited, by
the availability of data. We have already acknowledged the many City officials
who gave of their time and therefore contributed immeasurably to this study.
Due to the pressures of day-to-day business, the Highway Division of the
Public Works Department could not supply any of the required data. Conse-
quently, despite our charge, nothing is reported on the construction, clean-
ing, maintenance and lighting of streets.
-4-
FOOTNOTES
TO
CHAPTER I
1. For an excellent bibliography on inter-city studies see the references
in John C. Weicher, "Determinants of Central City Expenditures: Some
Over-looked Factors and Problems," National Tax Journal
,
December, 1970,
pp. 379-395.
CHAPTER II
THE QUALITY OF HOUSING IN THE CITY OF BOSTON
The primary purpose of this chapter is to describe the quality of the
housing stock in the City of Boston. All the housing data presented and
analyzed are taken from the 1970 U.S. Census of Housing. Section A presents
a profile of the housing stock in Boston according to occupancy status.
Section B discusses the definitions of substandard housing employed in this
study. Section C presents and analyzes the estimates of the substandard hous-
ing stock. Section D attempts to make comparisons of the stock of substandard
housing with socio-economic characteristics according to neighborhoods.
A. Housing Stock According to Occupancy Status
Table II-l presents a profile of the housing stock in the City of
Boston according to occupancy status in 1970. There are 232,424 housing units
in Boston of which 93.6% are occupied and 6.4% are vacant (year-round). Of
the occupied units, 27.2% are owner-occupied and 72.8% are renter-occupied.
Additionally, 14.6% of the occupied units are black-occupied and 1.6% of the
occupied units are occupied by persons of Spanish-American background. Of the
black-occupied units, 17.5% are owner-occupied and 82.5% are renter-occupied.
Thus owner-occupancy by blacks is significantly lower than that of whites.
Conversely, renter-occupancy by blacks is significantly higher than that of
1
whites
.
When one looks at occupancy status according to neighborhoods (Table
II-l), one finds that vacancy rates range from a low of 1.6% in West Roxbury
to a high of 15.1% in the South End. Only two neighborhoods have vacancy
rates over 10% — the South End and Roxbury. On the other hand, only three
neighborhoods have vacancy rates under 3% — West Roxbury, Roslindale and
Hyde Park.
With respect to occupancy according to owner and renter status,
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owner-occupancy rates range from a low of 3% in Back Bay to a high of 66%
in West Roxbury. Only three neighborhoods — West Roxbury, Hyde Park and
Roslindale — have owner-occupancy rates above 50%, while six neighborhoods
have owner-occupancy rates below 20%: Back Bay, the West End, the South
End, the North End, Roxbury and Alls ton-Brighton.
B. The Definition of Substandard Housing
The definitions of substandard housing employed in this study were
determined solely by the available data on housing characteristics in the
1970 Census of Housing. Three alternative definitions of substandard
housing are used in this study:
1. A substandard housing unit is a unit which does not have all
plumbing facilities (SUBl)
.
2. A substandard housing unit is a unit which does not have all
plumbing facilities and adequate heating (SUB2).2
3. A substandard housing unit is a unit which does not have all
plumbing facilities, adequate heating, and both direct access
and complete kitchen facilities (SUB3)
.
Clearly, the first definition (SUBl) of a substandard housing unit is the
most restrictive while the third definition (SUB3) is the least restrictive.
Thus estimates of the stock of substandard housing will be lowest when SUBl
is employed and highest when SUB3 is employed. The purpose of employing
alternative definitions of substandard housing is to determine to what degree
the estimates of substandard housing are affected by the particular defini-
tion of substandard housing which is utilized.
Clearly one might argue that the definitions of substandard housing
used in this study are inadequate. Under the definitions employed in this
study, a housing unit missing some or all plumbing facilities is classified
3
as substandard. Such a housing unit cannot necessarily be considered as
uninhabitable or a threat to the health of the family which occupies it.
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However, if one assumes that pltimbing facilities serve as a proxy for the
overall condition of the housing unit, then the definitions of substandard
housing employed in this study are meaningful. Housing units lacking some
or all plumbing facilities are also more likely to have inadequate electrical
wiring, defects in the ceiling and floors, etc. The assumption that plumb-
ing facilities serve as a proxy for the overall condition of a housing unit
becomes more tenable the greater the difference between the market price
for housing units with all plumbing facilities and housing units missing
some or all plumbing facilities. In other words, the greater the difference
in overall condition of the housing units classified as standard as compared
to those classified as substandard, the greater is the expected difference
between their market price.
Table 11-2 presents average monthly contract rent by neighborhood for
housing units with all plumbing facilities and for housing units lacking
some or all plumbing facilities. Average monthly contract rent for housing
units with all plumbing facilities is 31% to 150% higher (depending upon the
neighborhood) than average monthly contract rent for housing units lacking
some or all plumbing facilities. The average difference is 64%. This rather
large margin suggests that plumbing facilities may in fact be a good proxy
4
for evaluating the overall condition of the housing unit.
C. The Stock of Substandard Housing
Table II-3 presents estimates of the stock of substandard housing in
1970 in the City of Boston. Data in this table are for occupied and vacant
housing units combined. Using definition SUBl, 5.6% of the housing units
in Boston were substandard. Using definition SUB2, 16.3% were substandard
and using definition SUB3, 17.3% were substandard. Using SUB2 rather than
SUBl results in an estimate of the substandard housing stock which is almost
-9-
TABLE I 1-2
AVERAGE MONTHLY CONTRACT RENT
Neighborhood
(1)
Avterage Monthly
Contract Rent
For Units
With All
Pliombing
Facilities
(2)
Average Monthly
Contract Rent
For Units
Lacking Some
or All Plumbing
Facilities
(3)
Percent
Difference
Between
(1) and (2)
Bri ghton-Alls ton $139 $90 5^^
Back Bay 179 95 QQ00
West End 193 77 150
North End 111 51 118
Charlestown 91 68 39
East Boston 72 kh 61+
South Boston 83 52 60
South End i6o 78 105
Roxbury 99 69 43
North Dorchester 9h 71 32
South Dorchester 106 81 31
Roslindale lOh- 78 33
Jamaica Plain 105 69 52
West Roxbury 135 91 U8
Hyde Park 110 81 36
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TABLE II-3
THE STOCK OF SUBSTANDARD HOUSING UNITS IN 1970
USING ALTERNATIVE DEFINITIONS
Percent of Occupied
and Vacant Ho\asing Units
which are Substandard
Area SUBl SUB2 SUB
3
City of Boston c Cat5 .6% l6. 3^ 17. 3^
Brighton-Allston 1.4 4.9 5.4
Back Bay 10.7 12.5 15.5
West End 13.6 17.0 19.0
North End 39.1 70.0 70.5
Charlestown 6.5 30. U 30.9
East Boston 7.3 42.8 43.5
South Boston 5.6 37.2 37.6
South End 22.6 29.8 32.9
Roxhury 2.6 14.3 l4.9
North Dorchester 2.2 13.4 l4.2
South Dorchester 1.5 7.1 7.7
Rosllndale 1.0 4.5 5.0
Jamaica Plain 3.3 14.4 15.1
West Roxbury 1.5 3.6 3.7
Ifyde Park 1.4 6.3 6.8
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three times higher. However, using SUB3 increases the estimate of the sub-
standard housing stock only minimally relative to the estimate employing
SUB2. Thus adding the requirement that a standard housing unit possess
adequate heating as well as all plumbing facilities has a dramatic impact
on the estimate of the substandard housing stock.
The data in Table II-3 identify the location of the substandard hous-
ing stock within the City of Boston. Using SUBl, four neighborhoods — the
North End, the South End, the West End and Back Bay — have 10% or more of
their housing stock classified as substandard. In the North End, 39.1% of
the housing units are substandard. In the South End, 22.6% of the housing
units are substandard. The West End and Back Bay have 13.6% and 10.7%,
5
respectively, of their housing units classified as substandard.
There are seven neighborhoods where the percent of substandard
housing units is under 3%. They are Roslindale, Hyde Park, Brighton-
Allston, South Dorchester, West Roxbury, North Dorchester and Roxbury. The
percent of substandard housing units within the remaining five neighborhoods
ranges from 3.3% to 7.3%.
The data presented in Table II-3 suggest that the vast majority of
the substandard housing stock in the City of Boston may be located in four
neighborhoods — the North End, the South End, the West End and Back Bay.
As a matter of fact, using SUBl, there are 12,944 housing units in Boston
which are substandard. Of this total, 8,165 or 63% are located in the above
four neighborhoods while these neighborhoods contain only 21% of the City's
housing units.
The impact of changing the definition of substandard housing from
SUBl to SUB2 in estimating the stock of substandard housing according to
neighborhoods is quite diverse. In the North End, East Boston and South
-12-
Boston there is an increase of over 30 percentage points in the estimates
6
of the substandard housing stock. In six neighborhoods — Brighton-Alls ton. Back
Bay, the West End, Roslindale, West Roxbury and Hyde Park — the estimates of the
substandard housing stock increase by 5 percentage points or less. What
is noteworthy is that using SUB2, 70% of the housing units in the North End
7
are classified as substandard. Also the four neighborhoods with the high-
est percent of substandard housing are the North End, East Boston, South
Boston and Charlestown (all over 30%). This is in contrast to the findings
based on SUBl rather than SUB2. Using SUBl, the four neighborhoods with
the highest percent of substandard housing are the North End, the South
End, the West End and Back Bay. The only neighborhood appearing in both
groups is the North End.
Using SUB2, there are 37,840 housing units in Boston which are sub-
standard. Of this total, 16,023 or 42% are located in the North End, East
Boston, South Boston and Charlestown, neighborhoods which contain only 16%
of the City's housing units. Although the degree of concentration of sub-
standard housing is quite similar when using either SUBl or SUB2 as the
definition of substandard housing, the area of concentration changes
8
significantly
.
It is of interest to determine whether "substandardness" is a more
prevalent characteristic of vacant housing units than occupied housing units.
Table II-4 presents estimates of the percent of occupied housing units which
are substandard and estimates of the percent of vacant housing units which
are substandard. The definition of substandard used in Table II-4 is SUBl.
For the City of Boston, 5il% of the occupied housing units are sub-
standard and 11.7% of the vacant housing units are substandard. With
respect to individual neighborhoods. West Roxbury, the North End and Back
Bay have an extremely higher percent of substandard vacant housing units
TABLE
SUBSTANDARD HOUSING STOCK (SUBl)
ACCORDING TO OCCUPANCY AND VACANCY
Percent of Occupied Percent of Vacant
Housing Units Which Ho\ising Units Which
Are Substandard Are Substandard
Area (SUBl) (SUBl)
City of Boston 5.1^ 11.7^
Brighton-Allston 1.3 U.2
Back Bay 9.T 23.5
West End 13.1 19.1
North End 28.U 50.
U
Charlestown 6.1 12.2
East Boston 6.6 18.3
South Boston 15.
South End 22.5 23.3
Roxbury 2.6 2.6
North Dorchester 2.1 2.7
South Dorchester 1.1 2.5
Roslindale 0.9 5.7
Jamaica Plain 3.1 6.5
West Roxbury 0.8 39.3
Hyde Park 1.3 3.8
-14-
than substandard occupied housing units. All the neighborhoods with the
exception of Roxbury have a higher percent of vacant substandard housing
units than occupied substandard housing units, although the differences are
relatively small for North Dorchester, South Dorchester, Jamaica Plain,
9
Hyde Park and Brighton-Alls ton.
D. A Comparison of the Substandard Housing Stock and Socio-economic
Characteristics According to Neighborhood
The purpose of this section is to determine whether there are any
relationships between the socio-economic characteristics of a_-neighborhood
and the proportion of a neighborhood's housing stock which is substandard.
Table II-5 presents the matrix of simple correlation coefficients between
selected socio-economic characteristics and the percent of occupied and
vacant housing units which are substandard. The socio-economic character-
istics include the percent of the population which is white, the percent
of the population which is black, the percent of the population which is
Spanish-American, the percent of the population which is foreign born, the
percent of the population which is of foreign stock and the level of educa-
10
tional attainment of the population.
There are no significant correlations between any of the socio-economic
characteristics and the percent of housing units which are substandard
using SUBl as the definition of substandard housing. When either SUB2 or SUB3
is employed as the definition of substandard housing, significant correlations
emerge between the percent of substandard housing and both the educational
attainment variable and the percent of the population which is foreign born.
There is an inverse relationship between educational attainment and the
stock of substandard housing and a positive relationship between the percent
of population which is foreign born and the stock of substandard housing.
The only tentative conclusion that can be reached is that neighborhoods with
TABLE II-5
MATRIX OF SIMPLE CORRELATION COEFFICIENTS OF SOCIOECONOMIC
CHARACTERISTICS AND SUBSTANDARD HOUSING STOCK
Percent of Occupied and Vacant
Hoxising Units Which Are Substandard
Socioeconomic
Characteristics SUBl SUB2 SUB3
Percent White + .15 + .11 + .10
Percent Black -.18 -.lU -.15
Percent Sp .-American + .12 + .27 + .27
Percent Foreign Born + .10 + .57* + .56*
Percent Foreign Stock + .16 + .39 + .38
Educational Attainment + .22 -.70* -.70*
•Correlation coefficient is significant at the .05 level using a
two-tail test.
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relatively high stocks of substandard housing are characterized by both
relatively low levels of educational attainment of the population, and
relatively high proportions of the population who are foreign born. Clearly,
a more expanded and detailed analysis is needed before any meaningful conclu-
sions can be reached with respect to the relationship of the substandard
housing stock to the socio-economic characteristics of the neighborhoods.
-17-
FOOTNOTES
TO
CHAPTER II
1. Since whites occupy approximately 85% of the housing units in Boston,
the percent of owner-occupancy by whites must be higher than 27.2%,
the percent of owner-occupancy for the population as a whole. Con-
versely, the percent of renter-occupancy by whites must be lower than
72.8%, the percent of renter-occupancy for the population as a whole.
2. Adequate heating includes steam or hot water heating, central warm air
furnace, built-in electric units and floor, wall or pipeless furnace.
3. According to the 1970 Census of Housing, a housing unit with all plumb-
ing facilities consists of units which have hot and cold piped water,
as well as flush toilet, and a bathtub or shower inside the structure
for the exclusive use of the occupants of the unit.
4. The more preferable measure of rent is gross rent. Clearly differences
in contract rent may reflect differences in the rental contract with
respect to the services provided by the landlord (such as heating fuel,
utilities, etc.). However, average gross rent according to plumbing
facilities is not available in the Census. If monthly contract rent
for housing units with all plvanbing facilities generally includes heat,
utilities, etc. while monthly contract rent for units lacking some plumb-
ing facilities generally does not, then part of the differences in
average contract rents is due to this fact and not to the overall
condition of the housing unit.
5. These rather high estimates of substandard housing units in areas such
as the North End should be viewed with some caution. Under definition
SUBl, if two housing units share, e.g. a bathtub or shower, then both
units are considered substandard. Both units can be in excellent
condition in all other respects, but under our definition they would be
classified as substandard. At the other end of the spectrum, the
relatively low estimates of substandard housing for areas such as
Roxbury should also be viewed with caution. Although a housing unit
contains all plumbing facilities, the unit may be in very poor condition
when other factors, such as condition of the walls, floors, windows,
and wiring system, are also considered.
6. The use of percentage increases in making these comparisons will tend,
in some sense, to exaggerate the difference in estimates using alter-
native definitions of substandard housing.
7. The rather dramatic increase in the estimate of substandard housing
using SUB2 rather than SUBl in areas such as the North End, East Boston
and South Boston is to a large degree a function of our definition of
adequate heating. We chose, somewhat arbitrarily, to designate
housing units which are heated by room heaters with flue as having in-
adequate heating. Since room heaters with flue are used to a relatively
significant degree in specific areas of the city (such as the North End,
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East Boston, and South Boston), our estimates of substandard housing
for some neighborhoods are significantly higher than they would have
been had room heaters with flue been considered adequate heating.
The area of concentration does not change as signficantly if one
recognizes that the South End should probably be included in the
relevant area of concentration since 29.8% (using SUB2) of the housing
units in the South End are substandard. If the South End is included
with the North End, East Boston, South Boston and Charlestown, then
these areas have 52% of the City's substandard housing stock even
though they have only 21% of the City's housing units.
If Table II-4 is reconstructed using SUB2 or SUB3, instead of SUBl,
the differences in the percent of occupied substandard housing units
and the percent of vacant substandard housing units are quite similar.
The educational attainment variable is the percent of persons over
23 who are high school graduates
.
CHAPTER III
THE DATA BASE
This study relies on two basic sources of data: (1) The 1970 U.S.
Census of Housing and Population; and (2) Expenditure and services data
derived from documents supplied by various City departments. The data
will be analyzed in two separate, but related ways in Chapters IV and V.
In this chapter the data base is described briefly.
A. Census Data
The census data come primarily from the Fourth Count of the 1970
Census of Population and Housing. While some of the data from the Fourth
Count can be obtained from printed reports, particularly "Census Tract
Reports," summary computer tapes contain a much more detailed elaboration
of housing and population characteristics, particularly with respect to
the cross-classification of census information. File A of the Fourth Count
Summary tapes for both population and housing presents data for complete
1
census tracts. A tract is one of the basic census subdivisions of large
political units. (Block statistics are also available, but they do not
give the same detailed characteristics as census tract reports.) The City
of Boston is divided into 15 "neighborhoods". These neighborhoods represent
such familiar names to Bostonians as Brighton-Alls ton, Charlestown, East
Boston, etc. Thus the census neighborhoods tend to parallel traditional
and historical neighborhood boundaries particularly where an area has very
clearly delineated geographic boundaries or was a political subdivision
annexed by Boston. Charlestown, separated from "mainland" Boston by the
Charles River and annexed in 1873, satisfies both criteria.
The 15 census neighborhoods are subdivided into census tracts, the
number of tracts depending on the size of the neighborhood. Although
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major thoroughfares such as Massachusetts Avenue and Blue Hill Avenue
often serve as tract boundaries, it is more difficult to match the tracts
2
with geographical and political boundaries. To summarize, within the
City of Boston, there are 147 census tracts each of which has a code
number identifying the neighborhood in which the tract is located. Table
III-l summarizes this information and the map on the following page shows
the neighborhood and tract boundaries
.
Census tracts of Boston range in population from a low of 400 in the
3
Charlestown tract 406 to a high of 14,963 in the Hyde Park tract 1401.
4
If all of Boston's 641,071 residents were distributed equally among the
147 census tracts, each tract would have 4,361 residents. The Fourth
Count of Housing and Population gives detailed information for each of
the 147 census tracts. From the Housing Census we obtained, among other
items, data on the age of the structure, the rental values and the per-
cent of owner-occupied units in each tract. Similarly, from the Popula-
tion Census we obtained, among other items, data on the employment, income
and family status of residents in each tract. The specific housing and
5
population data used in the study will be described in Chapter V.
The primary aim of the study was to attempt to relate the cost of
providing housing-related services within neighborhoods (or tracts) to the
housing and population characteristics of the neighborhood under study.
A glance at the map shown on page 21 illustrates the dimension of the
problem. In some cases census neighborhoods exactly coincide with the
districts of City departments. Thus Charlestown, already discussed above,
comprises all of Department of Public Works District lA and all of Police
District 15. Similarly, Brighton-Alls ton, bounded by the Charles River
on the north, Brookline on the south and Newton on the west, is almost
-21-
Figure III-l
The Census Neighborhoods of Boston
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TABLE III-l
LOCATION OF CENSUS TRACTS BY NEIGHBORHOOD
Neighborhood Tract Code Numbers Niunber of Tracts
Brighton-Allston 1--8 8
Back Bay 101--108 8
West End 201--203 3
North End 301--305 5
Charlestown koi--k08 8
East Boston 501--512 12
South Boston 6oi--6lh lit
South End 701--712 12
Roxbury 801--821 21
North Dorchester 901--92k 2k
South Dorchester 1001--1011 11
Roslindale 1101--1106 6
Jamaica Plain 1201--1207 7
West Roxbury 1301--130U k
Ifyde Park lUOl--ikok k
-23-
physically separated from the rest of Boston (i.e., it meets the Back
Bay at the Boston University bridge) . Here again the census neighborhood
comprises all of Department of Public Works District 4 and all of Police
District 14. Finally, East Boston, like Charlestown separated by water
from mainland Boston, is completely contained within Department of Public
Works District 9 and Police District 7. But for the rest of the City,
these clearly delineated boundaries do not hold for each and every City
department. Thus the census neighborhood designated as the South End is
served by part of Police District 1 (designated North End-Downtown by the
Police Department) and by part of District 4 (designated South End-Back
Bay), while Department of Public Works District IB covers parts of census
neighborhoods for the South End, Back Bay and Roxbury, and all of the North
End and West End. Similarly, census neighborhood North Dorchester is served
partly by Police District 2 (Roxbury-North Dorchester), partly by Police
District 11 (Dorchester) and partly by Police District 3 (Mat tapan ) . In
turn, Police District 11 (Dorchester) serves census neighborhoods in North
Dorchester and South Dorchester. But even if there were 15 census neighbor-
hoods and 15 divisions (or districts) of every city department coinciding
precisely with census neighborhoods, we would still have difficulty perform-
ing the statistical analysis described in Chapter V. Fifteen observations
would be inadequate. Consequently, the 15 neighborhoods must be subdivided.
For these purposes, the census tract represents an ideal subdivision. The
problem is to obtain expenditures (and/or service data) on an equally
disaggregated basis. This turned out to be a costly and time-consuming
process, even for such apparently geographically distinct areas as Charlestown
or East Boston. In these areas, as in all other census neighborhoods, de-
partment sub-districts (if they existed), such as police car sectors, did
-24-
not coincide with census tract boundaries. The next section briefly des-
cribes the methodology we employed to allocate service expenditures to
6
census tracts.
B. Service Data - Brief Description
In Appendix A a more detailed description of our methodology is pre-
sented for some of the more complex procedures. That Appendix will enable
the specialized reader to re-work our calculations and, more importantly,
will provide a basis for discussion of the assumptions underlying our
methodology. In this section we present a summary of our methodology which
we believe will enable most readers to gain a general understanding of our
service data. A very brief preview of the data is also presented. A sys-
tematic analysis of expenditure patterns generated by the methodology, and
a study of the determinants of the expenditure patterns are reserved for
Chapters IV and V.
Ideally, two pieces of information are needed for each service by
census tract, namely (1) a measure of output or services rendered to the
residents of a census tract, and (2) a measure of the cost of providing
the service. Theoretically the two are separate and distinct concepts.
Higher expenditures per capita do not necessarily mean greater services
per capita. It could just as well mean higher cost of delivery per unit
of output due to service conditions such as density, which may make it
more difficult for the fire engine company to deliver fire fighting services.
Conversely, higher services per capita do not necessarily involve greater
costs per capita if the services can be delivered at lower unit costs due
to favorable service conditions. Public expenditure studies tend to use
costs and output interchangeably. Thus in measuring the benefits of such
public goods as national defense or police protection, where there is no
-25-
tangible measure of output, we traditionally equate output with "costs
undertaken on behalf of." By definition, if the government has "undertaken
more costs on 'your behalf,'" it is providing you with greater services. In
brief, the measures of output and costs are not independent of each. Rather
there is a one-to-one correspondence between output and costs.
For some services, namely police protection, fire protection and
sanitation, independent measures of output (or demand) and costs have been
identified. For the other services — water, sewer and housing inspection —
independent measures of output and costs have not been obtained. Here the
tradition is reversed. Meausres of "output" by census tract have been ob-
tained and they have been used to estimate expenditures by census tract.
The methodology for each service is discussed briefly below.
1. Police Protection (or Crime Prevention)
a. Methodology
Two independent sets of data were obtained from the Police Depart-
ment — crime data and manpower allocations. The crime data represent in-
cidents reported to the Police Department on the basis of 825 reporting
7
areas. The Police Department provided a printout for each reporting area
for all crimes (and services) for 1970 listed in accordance with the
8
standard 2-digit classification scheme. Concord Research Corporation of
Burlington provided us with a list of the reporting areas in each tract.
Using such data, it was relatively easy to calculate the number and type
9
of incidents occurring in each census tract. To standardize the data, the
total number of crimes (or incidents) within the census tract were divided
by the census tract population and then multiplied by 1,000, yielding a
crime rate conforming to standard reporting procedures of number of crimes
per 1,000 persons. The crimes and incidents were grouped into four major
-26-
categories: CRl - Part I Offenses (or Major Crimes); CR2 - Part II
Offenses (or Minor Crimes), exclusive of traffic offenses and drunkenness;
10
CR3 - Part III Services and Traffic Offenses; CR4 - Drunkenness. In
essence, the crime and service data was viewed in this study as a measure
of demand (or need) for police services by census tract. Next, an estimate
of the allocation of police services by census tract (roughly interpreted
as the response to the demand) was needed.
The Police Department provided us with the allocation of police officers
by Police Districts. A series based upon this allocation and weighted by
the salaries of the various ranks of police officers, was constructed. The
percentage distribution of this series by Police Districts was used to
allocate Police Department expenditures for the prevention, control and re-
11
duction of crime to the 11 Police Districts. Obviously, the assumption
was made that expenditures for clerical staff and non-manpower expenditures
were proportional to the allocation of police manpower expenditures. For
many expenditures this is not an unreasonable assumption, since the greater
the size of the police force of a given district, the more patrol cars are
assigned to that district.
For each Police District, the expenditures allocated to the district
were divided by the number of car sectors within that district to derive
an estimate of the crime prevention and control expenditures for each car
sector. Then, utilizing census tract maps, with the boundaries of police
car sectors superimposed, we estimated the amount of patrol activity that
each census tract received from the various car sectors serving the tract.
With the cost of each car sector estimated above, the police expenditures
within the tract were computed. Finally the expenditures were divided by
the population of the tract to derive per capita expenditures. These
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expenditures were labelled COPP — cost of police protection expenditures
per capita. The CR and COPP data are analyzed in detail in Chapters IV
and V. In the next section some data are briefly presented to illustrate
the raw output of the methodology.
b. Data
In 1970 police expenditures in the City of Boston for crime pre-
vention, control and reduction allocated to census tracts totaled
12
$30,860,877. For Boston COPP was $48.13. COPP expenditures ranged
from a low of $2.70 per capita in the South Boston tract 612 to a high of
$1,165.50 in the South End tract 701 (which includes Boston Common and the
Combat Zone). For the City, expressed in crimes per thousand, the reported
crime rates for CRl, CR2, CR3 and CR4 were 68.08, 52.55, 376.10 and 3.19
13
respectively. CRl ranged from a low of 8.2 in South Boston tract 602
to a high of 1767.6 in the South End tract 701. CR2 ranged from 8.7 in
the North End tract 301 to 828.7 in tract 701. A low for CR3 of 48.0 also
occurred in tract 301 and the high of 5,648.8 again occurred in tract 701.
Finally, CR4 varied from zero in tracts 5, 301 and 305 to a high of 74.88
14
in the South End tract 703. This material is summarized in Table III-2.
2. Fire Protection (or Fire Fighting)
a. Methodology
Two independent sets of data were obtained from the Fire Department —
fire rates and manpower allocations. The fire rates were based upon fires
in structures for 1970. These fires were pin-pointed on a map in Fire
Department Headquarters. Using census maps the tract location of each fire
was determined. Dividing by population and multiplying by 1,000 a fire
rate — FR — in terms of the nximber of fires per 1,000 persons was computed
for each census tract.
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TABLE III-2
COPP MD CR DATA, CITY OF BOSTON AND RANGE
Range
Series City Rate
High
Rate Tract Rate
Low
Tract
copp-"- $U8.13 $1,165.50 701 $ 2.70 612
2
CRl 68.08 1,767.6 701 8.2 602
2
CR2 52.55 828.7 701 8.7 301
2
CR3 376.10 5,61+8.8 701 kQ.O 301
3.19 74.88 703 5,301
and 305
COPP are in dollars per capita.
CR are "crimes" or services per thousand residents.
SOURCE: See text.
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The allocation of fire expenditures was similar to the allocation of
police expenditures but was not based upon as much detailed information.
Instead of data on districts and car sectors, we had information on 72
land-based engine and ladder companies. Each company roughly has the same
number of men and therefore it was reasonable to divide total fire fighting
expenditures by the number of companies to estimate the cost per fire fight-
ing company. Using census tract maps and superimposing the boundaries of
fire fighting companies, we estimated the amount of fire-fighting coverage
that each census tract received from the various fire companies serving
15
the tract. Based upon the estimated cost of a fire company indicated
above, fire-fighting expenditures for each tract were then computed.
b. Data
Detailed analysis is reserved for the next two chapters. For
16 17
Boston in 1970 COFF was $36.19 and FR (weighted by the number of alarms)
was 3.37. COFF ranged from a low of $6.04 in Roxbury tract 812 to a high
of $788.10 again in tract 701. FR varied from zero in South End tract 704
18
to 40.44 in tract 701.
3. Housing Code Enforcement - Methodology and Data
Compared to the analysis of police and fire expenditures, the metho-
dology was less complex, the data less detailed and the results perhaps
19
less reliable for housing code enforcement. Using street addresses, the
tract location of each complaint was determined. Department of Housing
21
Inspection expenditures of $896,582 for 1970 were then allocated to
22
census tracts in proportion to the distribution of complaints. Costs
per tract were divided by population to obtain per capita expenditures
called COHC.
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In Boston COHC was $l.-38 and ranged from a high of $10.56 in the
South End census tract 709 to zero in tract 611 in South Boston.
4. Sewer Services - Methodology and Data
Some of the expenditures of the Sewer Division of the Department of
Public Works are for so-called "pure public goods." The installation of
a new drainage system benefits the entire community and it is difficult
to assign these expenditures to any given tract or groups of tracts.
Three localized activities were identified: sewer complaints, sewers
cleaned and sewers repaired. In the absence of any data on the relative
costs of the three activities, each was assumed to involve the same level
of expenditures. Based upon these activities, 9,415 units of output
identified by street location were allocated to census tracts. The dis-
tribution of these service activities was used to allocate $5,183,469 of
23
sewer expenditures in 1970 to the census tracts. Per capita costs in
each tract were again obtained and designated COSE.
For the City in 1970 COSE was $8.09 and varied from a high of $73.87
in Charlestown tract 406 to $1.16 in Back Bay tract 103..
5 . Water Service - Methodology and Data
The expenditures of the Water Division of the Department of Public
Works also often involve the provision of pure public goods. A new puri-
fication facility or an improved reservoir benefits the entire City of
Boston. The available data, which could be used to allocate expenditures
to census tracts, were extremely limited. The installation of water meters
in 1970 was the series utilized. The records of installations provided
by the Water Division included addresses and the census location of each
installation was determined. The distribution by census tract of 8,603
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water meter installations (each installation representing a unit of
service) was utilized to allocate $12,273,733 of water service expenditures
24
in 1970 to the census tracts. Dividing by tract populations, per capita
costs, labelled COWS, were obtained for each census tract.
In 1970 COWS was $19.15 for the entire city and ranged from $.26 in
the North Dorchester tract 909 to $105.63 in South End tract 701.
25
6. Refuse Collection - Methodology and Data
For this service the methodology has been reversed. Data on tons of
refuse collected and collection costs were provided by the Sanitation
Division of the Department of Public Works. No attempt was made to further
26
subdivide these areas. These data combined with population estimates for
each district enable us to easily compute tons of refuse per capita, col-
lection costs per ton of refuse and the cost of refuse collection per
capita (CORC) for each district. Also available were data on service
conditions, such as the type of collection. For this service, with a
limited number of observations, it was easier to transform some of the
data on housing and population characteristics from a tract basis to a
Department of Public Works district basis.
In 1969 payments to refuse collection contractors totaled $4,325,244
27
yielding CORC for the City of $6.74. CORC ranged from $4.02 in Public
Works District 5 (South Boston) to $8.28 in Public Works District 6 (West
Roxbury) . For the City per capita tons of refuse was 0.48 and ranged from
0.34 in Public Works District 5 to 0.95 in Public Works District IB (Boston
28
Proper). Finally in Boston costs per ton of refuse collected were $14.02
and ranged from $7.87 in District IB (Boston Proper) to $17.91 in District
9 (East Boston).
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C. Land Use Data
One piece of information, similar to housing and population charac-
teristics, not provided by the Census Bureau but essential to the study,
was a measure of business and residential activity in each census tract.
In brief, we needed to know the extent to which per capita expenditures
were affected by the non-residential uses of land and, therefore, could
not be explained by the housing and population characteristics of the
census tract. Using the Boston Redevelopment Authority's land use maps,
based on parcels of land, we identified four types of land use: commercial
29
and industrial, mixed, other and residential. For each tract we calculated
the percentage of land devoted to each of the four categories. In addition,
the data on residential land were used to calculate population density in
each tract. The land use data yielded additional useful information on
the characteristics of the census tracts.
The census, service and land use data briefly discussed in this
chapter, and explained and listed more fully in Appendices A-E, form the
basis of the analysis presented in Chapters IV and V.
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FOOTNOTES
TO
CHAPTER III
1. A guide, U.S. Bureau of the Census, 1970 Census Users' Guide , U.S.
Government Printing Office, Washington, D.C., 1970, describes the
tapes more fully. Some Information was obtained from the published
volume, U.S. Bureau of the Census, Census of Population and Housing;
1970, Census Tract Reports, Final Report PHC(l)-29, Boston, Mass.
SMSA, U.S. Government Printing Office, Washington, D.C., 1972.
2. This point will become clearer when department district boundaries
are discussed.
3. Census tracts which have undergone major relocation due to urban
renewal, such as Charlestown tract 406, 203 in the West End with 939
residents and 807 in the Dudley Station Section of Roxbury with 484
residents, tend to have very small populations. Census tracts with
large populations include low density tracts like 1401 in hyde Park
and also such high density tracts as 101 in the Back Bay both of which
have more than 10,000 residents.
4. This figure includes the 1,241 residents of the Harbor Islands.
5. To those unfamiliar with the Fourth Count, it should be pointed out
that it includes data based on both a complete enumeration and upon
15 and 5 percent samples
.
6. If uniform districts for service existed, we could have allocated
population and housing characteristics to service districts. However,
uniform service districts do not exist. (Police and fire districts do
not match.) Moreover, there are more census variables to allocate
than service variables. Thus early in the study, we determined that
except where necessary the basic unit would be the census tract.
Therefore, service expenditures had to be allocated to census tracts.
7. Actual incidents clearly exceed the number "reported" to the police.
See footnote 10 of Chapter V.
8. Many of the "incidents" reported to the police are not crime; they
include traffic violations and services such as ambulance calls.
9. In many cases the Police Reporting Areas, which are about six times
as numerous as census tracts, and therefore relatively small, are
completely contained within one census tract. Where they overlapped
census boundaries, we made allocations based upon procedures described
in Appendix A.
10. The classification scheme is listed in City of Boston, Sixty-Fifth
Annual Report of the Police Commissioner, For the Year Ending
December 31, 1970 , Document No. 28, pp. 35-36 and 40. The crime and
service classification, and our adjustments, are discussed more
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completely in Appendix A. For notational simplicity, the symbols
CR have been used. In some cases CR is a crime rate, in others a
service rate.
11. In 1970, excluding the Harbor Patrol, District 8, there were 12
Districts. District 9 and District 10 were merged into District 2
and the data provided to us was for the merged district.
12. City of Boston, 1972 Program Budget
,
p. 245 (hereafter referred to
as Budget ) . The manpower allocated above accounted for about $20
million of these expenditures. Funds for services to the community
(p. 253) and administration (p. 259) were deliberately excluded. It
is not clear that these expenditures should be distributed in accord-
ance with our weighted police manpower series. In terms of the regres-
sion analysis of Chapter V, the exclusion does not effect the explan-
atory power of our equations as per capita expenditures in each tract
would be increased proportionately. In terms of the allocation of
the budget, if the excluded police expenditures of approximately $10
million are added in, all per capita police expenditures should be
multiplied by 1.24 $38,218,816 . In addition the coefficients or
^$30,860,877^
the independent variables would increase by a factor of 1.24. In
brief, our police expenditures per capita exclude administrative
and other "overhead" costs which could not be directly allocated to
police districts.
13. The City rates were based on the rearranged categories discussed
above and therefore do not correspond exactly to the data presented
in the Annual Report of the Police Commissioner
..
The printout only
listed 2,043 incidents of drunkenness and not the 18,382 arrests
reported on page 40 of the annual report.
14. It is difficult, given the data, to resist the casual observation
that tract 701, with by far the highest COPP, also had the highest
CR in three categories. This data does not "prove" that the Police
Department is responding to the need for police protection nor does
it "prove" that our method of allocation is correct. It is, however,
reassuring to know that at least for extreme values, the Police De-
partment's assignment of personnel and our method of allocation appear
to make sense. To reach any conclusions these observations must also
hold for non-extreme values. In Chapter V this analysis is performed.
In particular we will indicate that obviously, as in tract 701, CR
does not only depend upon the number of residents of a particular
tract, or their characteristics, but also upon such other factors as
land use in the tract.
15. The use of fire-company boundaries as a proxy for services to census
tract is not as valid as the assumptions underlying the analagous use
of patrol car sectors. As a car patrols within its sector, it is
contributing to crime prevention and detection. A fire company located
in a station house, with company boundaries, yields services when it
responds to a call. Moreover, there is a rather complex pattern as
companies cross their boundaries in response to both single and multiple
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alarms. However, to the extent that proximity to a fire station
house means more rapid response our methodology should yield a good
proxy series. If a census tract is within the "boundaries" of
several fire companies, it will be physically close to several fire
stations and therefore receive a high level of fire services.
16. Budget
,
op . cit
. ,
p. 275. Only fire fighting expenditures were in-
cluded. If all expenditures of the Fire Department are included,
the COFF data reported by census tract should be multiplied by 1.07
, $24.819,436x . See footnote 12 above.
$23,199,775
17. See Appendix A for details.
18. As with the police data, the upper-extreme observations make the
methodology appear to be sound. Further conclusions await the
analysis of Chapter V.
19. For this service, and for water and sewer expenditures, a further
detailed explanation in Appendix A will not be needed.
20. It turned out that we only had 6,101 out of 24,038 complaints, or
a 25.38% sample. Easy access to the total file could not be ob-
tained. Although it was not a scientifically selected random sample,
the complaints we did have were scattered through the City, through-
out the year, and street names ranged throughout the alphabet.
21. Budget
,
op
.
ext., p. 231.
22. Obviously the disposition of more than six thousand complaints
could not be traced. Therefore, a complaint is the unit of output,
and each unit of output was assumed to cost the same amount.
23. Budget
,
op . cit
. , pp. 803, 809, 813 and XXVIII. Included in these
costs were $77,700 for collection of sewer service charges, $119,947
expenditures of the Data Processing Unit of the Administrative Services
Department, $1,355,441 in operating expenditures of the Sewer Division
and $3,630,281 for the M.D.C. assessment. To be sure, these expendi-
tures were partially offset by $3,299,964 of revenues from the sewer
charge (Budget , p. 822).
24. Ibid.
, pp. 823, 829, 833 and XXVIII. Included in these costs were
$317,523 for collection costs, $618,186 expenditures of the data
processing unit of the Administrative Services Department, charged
to the Water Fund, $5,132,304 in operating expenditures of the Water
Division and $6,205,720 for the M.D.C. assessment. (In this case
the assessment was paid in 1971, but was for water used in 1970).
Again these expenditures were partially offset by water income of
$9,952,257 (Budget , p. 844).
25. Disposal facilities serve the entire City and their costs cannot be
allocated to census tracts except in proportion to the tons of refuse
collected. They can be added into per capita costs by multiplying all
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our data by 1.25 , $5.391.817. . $4,325,244 was paid to refuse col-
^$4,325,244^
lection contractors and $5,391,817 includes the payments to the col-
lection contractors plus other disposal contract payments plus the
costs of the disposal section. Additionally, administrative and
supervision costs are excluded. As noted in footnote 12 above, these
exclusions affect all per capita figures proportionately and thus
affect the size of our regression coefficients proportionately, but
not the explanatory power of our equations.
26. Collection is done under contract, and given the difficulty of get-
ting data, it was not feasible to contact the 9 contractors serving
the 11 districts.
27 . Annual Report of the Public Works Department of the City of Boston
.
1969, p. 101. Data from the Budget was not used for total contractual
payments because they did not match the numbers in the Annual Report .
Only the Annual Report listed the payments to individual contractors.
For the Sanitary Division, 1969 data was utilized for costs and tons
of refuse inasmuch as 1969 is the latest year for which we have tons
of refuse for each Public Works District. Population and housing
characteristics continue to be for 1970. In one year the character-
istics do not change very drastically. CORC only includes payment
to refuse collection contractors.
28. Per capita tons of refuse are based on 1970 population and 1969
quantities of refuse collected.
29. The methodology and categories are explained more fully in Appendix B.
CHAPTER IV
THE COST OF HOUSING-RELATED SERVICES
IN THE NEIGHBORHOODS OF BOSTON
This chapter presents a summary of the service expenditure data by
census neighborhood. It represents an interlude between the description
of the data of the previous chapter and the technical statistical analysis,
relating service expenditures to demographic characteristics, to be pre-
sented in the next chapter. Selected references will be made to census
tract expenditures in order to highlight particular patterns. Readers
interested in pursuing their own comparison of tract expenditures are dir-
ected to Appendix E, which gives a complete tabulation of service expendi-
tures by census tracts. No attempt is made to relate precisely or explain
service expenditures in terms of population and housing characteristics.
This type of multivariate analysis will be performed in Chapter V. In
short, this chapter is descriptive. Casual and general observations will
be made where insights have been obtained through the course of this study.
The reader should recall that the pattern of service expenditures depends
directly upon the method of allocation described in the previous chapter.
Finally, based upon a study recently reported in the New York Times , some
1
brief comparative observations are made.
A. Service Expenditures by Neighborhoods
1. Per Capita Data
Table IV-1 presents per capita expenditures for five services
2
identified by our standard notation for each of the 15 census neighborhoods.
For each service, neighborhoods are ranked, with 1 denoting the area with
the highest per capita expenditures, and 15, the area with the lowest per
capita expenditures for a given function. In addition, the total per capita
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3
expenditures for each census neighborhood are presented and ranked.
Finally, for comparative purposes, City-wide per capita expenditures are
listed.
The South End, with total per capita expenditures of $324.99, ranks
number 1. Total per capita expenditures in the South End are almost three
times as high as city-wide per capita expenditures and exceed the figures
for the second ranked neighborhood (Charlestown) by more than $100. The
South End has the highest per capita expenditures for three services —
housing inspection (COHC) , fire (COFF) , and police (COPP) — and the
second highest expenditures for the remaining two services — water (COWS)
and sewer (COSE) . Clearly per capita service expenditures in the South
End are dominated by COFF and COPP which account for about 86 percent of
the expenditures in the neighborhood.
For individual tracts within the South End it has already been ob-
served that tract 701 has the highest per capita expenditures for COPP
4
($1,165.50), COFF ($788.10) and COWS ($105.63), while tract 709 has the
highest per capita expenditures for COHC ($10.56). Total per capita ex-
penditures of $2,131.21 in tract 701 are almost 20 times the city average.
The effect of the huge expenditures in tract 701 on the per capita expend-
itures of the South End and on its ranking can be exaggerated. While COFF
and COPP in tract 701 are about seven times COFF and COPP in the South
End and more than 20 times COFF and COPP in Boston, the figures for tract
701 only have a small weight of 4.8 percent (population of 701^ population
of the South End). Thus even without 701, COFF and COPP in the South End
would be relatively high at $86.30 and $110.65. The South End would still
rank number one for police expenditures and number two for fire expenditures.
(The South End would also continue to rank number one for total per capita
-40-
expenditures
.
) More important to the expenditure pattern of the South
End is the fact that all tracts in the neighborhood (except 705 with respect
to police services, and 706 with respect to fire services) have COFF and
COPP values which exceed the city averages. Indeed for all 12 tracts in
the South End figures twice the Boston average are observed for 7 values
of COFF and 9 values of COPP.
Charlestown and the North End rank second and third respectively for
total per capita expenditures and for COFF and COPP. In addition, the
North End ranks first for COSE, third for COWS and fifth for COHC, while
Charlestown ranks fourth for COSE. High per capita expenditures for COFF
and COPP in Charlestown are partially explained by the geographic isolation
5
of a neighborhood with a relatively small population. This was very
evident when police expenditures were allocated in Charlestown where the
average cost of the two car-sector Police District 15 was estimated to be
$652,707 compared to an average of $417,039 per car sector for the entire
city.
The very high COFF in Charlestown is partially explained by the geo-
graphic isolation, but is also partially explained by the heavy concentra-
tion of waterfront warehouses (even with the cost of fire boats excluded).
In the North End, as in Charlestown, the high COFF is explained in part by
the concentration of waterfront warehouses and in part by other commercial
activities. The high COPP in the North End, as in the South End, is associ-
6
ated with the concentration of commercial activity. In both Charlestown
and the North End total expenditures are dominated by COFF and COPP which
account for 86 and 78 percent respectively of total per capita expenditures.
In Charlestown tract 406, which includes an industrial area adjacent
to Cambridge, COFF is $610.52 (third highest tract) and COPP is $407.90
-41-
(
(fifth highest tract). Total per capita expenditures are more than
ten times the city average. Removal of tract 406, with a weight of less
than 3 percent, would not drastically change Charlestown's relative ranking.
For Charlestown's 8 tracts, COFF is twice the Boston average in 5 tracts
and COPP is twice the average in 4 tracts.
The pattern in the North End is interesting and encourages one to be
cautious in interpreting the term "neighborhood." In tract 303 (which has
slightly more than eight percent of the North End's population of 11,100
and includes the financial district), COFF is $633.92 (second highest
tract) and COPP is $543.82 (third highest tract). In all the remaining
tracts of the North End, COFF is less than the city average, and COPP is
above the average (but below $75.00) in only two tracts. Clearly, tract
303, with a weight of 8 percent, has a greater impact on the neighborhood
average than either tracts 701 or 406, both of which have weights of less
than five percent. Indeed, if the expenditures (and the population) of 303
are subtracted, total per capita expenditures in the North End fall from
$202.60 to $98.53. Other things being equal, the North End would rank
seventh instead of third, joining six other neighborhoods with total per
capita expenditures in the narrow range between $89 and $99.
At the other extremes, West Roxbury has the lowest total per capita
expenditures and the lowest COFF, COPP and COHC. In West Roxbury police
and fire expenditures account for only 61 percent of all expenditures
compared to 75 percent in Boston and 86 percent in the South End. In all
four tracts within West Roxbury, COFF is below the Boston average, ranging
from a low of $7.34 in 1302 to a high of $32.46 in tract 1301.
Brighton-Alls ton and Hyde Park rank 14th and 13th respectively for
total per capita expenditures. Brighton-Alls ton also ranks 14th for COWS
and COSE and Hyde Park ranks 13th for COPP. In Hyde Park there are no
-42-
wide disparities in per capita expenditures for the given categories. In
Brighton-Alls ton, tract 1 (which roughly extends from the Boston University
bridge to Harvard Avenue between the Charles River and Brighton Avenue) has
COPP expenditures of about double the city average. Despite the large per
capita expenditures in this commercial area, COPP for Brighton-Alls ton is
about three-quarters of the average.
It is difficult to make any further general observations for the re-
maining neighborhoods. With respect to total per capita expenditures,
ranked toward the top (4-7) are such widely diverse areas as the West End
($138.86), East Boston ($133.91), South Boston ($132.20), and Roxbury
($114.44). The bottom half, with total per capita expenditures confined
to the narrow range mentioned above, includes such divergent areas as
Roslindale ($97.99), Back Bay ($93.58) and North Dorchester ($91.20).
As indicated above, the reader is encouraged to review the expenditure
data for all tracts presented in Appendix E. Most of the extremely high
observations have already been discussed in this capsule review of neigh-
7
borhood data. In the South Boston tracts of 606 and 614, both of which
have less than 1,000 residents, high COFF's and COPP's are again observed
in industrial-commercial areas. In tract 606, COFF is $476.96 (fourth
highest observation) and COPP is $399.90 (sixth highest), while in tract 614
COFF is $349.53 (fifth highest) and COPP is $447.30 (fourth highest).
Despite these extreme observations, COFF and COPP for South Boston are
close to the average. Finally, in Roxbury tract 801 (which has only 778
residents, but which apparently includes at least part of the Boston City
Hospital), COFF is $294.27 (sixth highest) and COPP is $659.40 (second
highest)
.
2. Percentage Distribution of Expenditures
An alternative but related way of analyzing expenditure patterns is
-43-
to look at the percentage distribution for a given service and for total
expenditures and to compare them with the percentage distribution of popula-
tion. Clearly, neighborhoods with per capita expenditures above the average
will account for a share of expenditures which is greater than their share
of the City's population. The reverse will be true for neighborhoods with
per capita expenditures below the average.
In Table IV-2 total expenditures by census neighborhood are presented,
and in Table IV-3 the percentage distribution of the expenditure data is
shown. The material in Table IV-3 is more relevant. As indicated in
Chapter III, arbitrary decisions have been made as to which components of
an agency's budget should be included. The percentage distribution is,
therefore, more meaningful than the absolute data. Both sets of data have
been presented although the analysis will focus primarily on Table IV-3 on
8
the basis of neighborhoods.
The analysis is again confined primarily to the extreme observations.
Turning to Table IV-3 we see that the South End with only 3.8 percent of
the population accounts for 10.9 percent of expenditures. As should be
expected from the previous section, this pattern is even more pronounced
for fire and police expenditures where the figures are 12.6 and 12.7 percent,
respectively. Continuing at the upper-extreme, Charlestown, with 2.4 per-
cent of the population, is responsible for 4.6 percent of total expenditures,
and the North End, with 1.7 percent of all residents, accounts for 3.1 per-
cent of expenditures. At the other extreme. West Roxbury has 4.9 percent
of the population, but accounts for only 3.1 percent of total expenditures.
Thus expenditures are about equal in the North End and West Roxbury (3.1
percent of the total), but the population of West Roxbury is about three
times the population of the North End. West Roxbury 's share of police and
fire expenditures, 2.5 and 2.6 respectively, is about one-half of its share
-44-
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TABLE IV-3
PERCENT DISTRIBUTION OF EXPENDITURES
BY CENSUS NEIGHBORHOOD
Percent
Census Percent of Housing
Neighborhood Population Inspection
Percent
Percent Percent Water Percent Percent
Fire Police Service Sewers Total
Brighton-
Allston 9.92 6.9h 7.76 7.27 6.30 5.1+3 7.13
Back Bay 8.12 16.76 5.86 8.69 3.86 3.97 6.72
West End 2.12 2.02 2.83 3.06 1.69 1.18 2.61
North End 1.73 1.95 3.75 2.91 2.20 3.79 3.11
Charlestown 2.k0 1.13 6.58 1+.23 2.28 3.60 I+.57
East Boston 6.06 1.72 9.21 5.30 7.33 9. 80 7.I0
South Boston 6.02 k.h6 7.37 5.77 9.32 8.20 7.OI+
South End 3.80 11. lU 12.57 12.70 I+.90 7.20 10.92
Roxbury 9.78 8.92 7.1+6 12.56 8.1+0 8.76 9.91
North Dorchesterl5.82 23.52 8.75 13.57 16.50 15.26 12.77
South Dorchesterll.TS 13.62 12.89 6.1+2 13.06 11.38 10.07
Roslindale 6.2k 1.87 5.99 I+.59 6.1+9 5.87 5.1+2
Jamaica Plain 5.19 3.1+6 3.00 I+.67 5.70 3.98 I+.25
West Roxbury k.Q6 0.67 2.63 2.1+8 I+.83 5.1+1+ 3.11
Hyde Park 5.97 1.82 5.07 3.1+1+ 7.15 6.00 I+.75
Boston^ 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Details may not add to totals due to rounding,
SOURCE: Based upon Table IV-2.
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of population.
With respect to individual services there are some interesting
patterns. Back Bay, with 8 percent of the population, accounts for about
17 percent of housing inspection expenditures, while East Boston, Roslindale
and Hyde Park, each with about 6 percent of the population, are each res-
ponsible for less than 2 percent of housing inspection expenditures.
Table IV-4 summarizes this information for total expenditures and for
the five service categories. The index constructed for each neighborhood
and service equals the percent of expenditures allocated to a neighborhood,
divided by the percent of the population residing in that neighborhood.
The rankings are, of course, the same as in Table IV-1. Census neighbor-
hoods were arranged on the basis of the index for total expenditures, which
shows at one extreme the South End, with an index value of 2.87, and at the
other extreme West Roxbury, with a value of 0.64. In the South End and
in the North End, the percent of expenditures always exceeds the percent of
population. Therefore the index for these two neighborhoods is always
greater than one. Conversely, Brighton-Alls ton is the only neighborhood
for which the index is always less than one.
B. Refuse Collection Expenditures for Public Works Districts
Data on refuse collection by Public Works District are presented in
Tables IV-5 and IV-6. Again the tables are related. Districts with per
capita expenditures above the averages will again account for a percent of
expenditures which is greater than the percent of the population within
the district.
Table IV-5 lists per capita cost of refuse collection (CORC)
,
per
capita tons of refuse collected, and cost per ton of refuse for each
district. The districts are ranked (1 again signifies the highest number)
-47-
TABLE IV-4
INDEX OF PERCENT EXPENDITURES DIVIDED
BY PERCENT POPULATION BY CENSUS NEIGHBORHOOD
Housing
Total Inspection Fire Police Water Sewer
Census Expend- Expend- Expend- Expend- Expend- Expend-
Neighborhood Itures Itures Itures itures itures itures
South End 2.87 2.93 3.31 3.34 1.29 1.89
Charles town 1.90 .47 2.74 1.76 .95 1.50
North End 1.80 1.13 2.17 1.68 1.27 2.19
West End 1.23 •95 1.33 1.44 .80 .56
East Boston 1.18 .28 1.52 .87 1.21 1.63
South Boston 1.17 .74 1.22 .96 1.50 1.36
Roxbury 1.01 .91 .76 1.28 .86 .90
Roslindale .87 .30 .96 .74 1.04 .94
South Dorchester .85 1.16 1.09 .54 1.11 .97
Back Bay .83 2.06 .72 1.07 .48 .49
Jamaica Plain .82 .67 .58 .90 1.10 .77
North Dorchester .81 1.49 .55 .86 1.04 .96
Hyde Park .80 .30 .85 .58 1.20 1.01
Brighton-Allston .72 .70 .78 .73 .64 .55
West Roxbury .64 .14 .54 .51 .99 1.11
SOURCE: Based upon Table IV-3.
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TABLE IV-5
PER CAPITA REFUSE COLLECTION COSTS BY PUBLIC WORKS DISTRICTS
Costs Refuse Costs Per
Per Capita Per Capita Ton of Refuse
Public Works District CORC Rank
Tons of
Refuse
Per
Capita Rank
Costs
Per Ton Rank Population
Ik Charlestown $5.89 10 0.365 10 $16.11 1+ 15,1+17
IB Boston Proper 7.1+5 3 1 7.87 11 65. 635
1+7,8032 Jamaica Plain 6.kl 8 0.389 8 16.1+6 3
3 Dorchester North l.kg 2 0.1+90 3 15.27 6 85, 1+96
k Brighton 6.55 7 0.1+30 5 15.23 7 63,618
5 South Boston h.02 11 0.339 11 11.86 10 39,091+
6 West Roxbury 8.28 1 0.558 2 1I+.8I+ 8 5l+,72l+
T Dorchester South 7.36 k 0.1+26 6 17.26 2 91,1+03
8 Hyde Park 6.78 6 0.1+66 1+ 1I+.5I+ 9 38,776
9 East Boston 7.05 5 O.39I+ 7 17.91 1 38,830
10 Roxbxary 5.^7 9 0.388 9 15.35 ? 9l+,237
Boston''' $6.7U 0.1+81 $lU.02 61+1,071
Details may not add to totals due to ^-ounding. Total population also includes
residents of the Harbor Islands.
SOURCE: See text.
TABLE IV-
6
REFUSE COLLECTION COSTS MD PERCENTAGE
DISTRIBUTION BY PUBLIC WORKS DISTRICT
Popvilation Collection Costs Tons of Refuse
Percent Dis- Percent Dis- Percent Dis-
Public Works District Niimber tribution Amount tribution Amount tribution
lA Charlestown 15,UlT 2.1*0 $90,862 2.10 5,6U0 1.83
IB Boston Proper 65,635 10.2k 1+89,050 11.31 62,150 20.15
2 Jamaica Plain UT,803 7.U6 306,2li6 7.08 18,610 6.03
3 Dorchester North l3.3l^ 61+0,21+8 1I+.8O 1+1,930 13.59
h Brighton 63,618 9.92 1+16,862 9.61+ 27,370 8.87
5 South Boston 39,09U 6.10 157,202 3.63 13,260 1+.30
6 West Roxbury 5h,12k 8.5U 1+53,191+ 10.1+8 30,530 9.90
T Dorchester South 91,i^03 Ik. 26 672,387 15.55 38,960 12.63
8 Hyde Park 38,776 6.05 262,915 6.08 18,080 5.86
9 East Boston 38,830 6.06 273,613 6.33 15,280 1^.95
10 Roxbury 9^,237 1I1.70 562,665 13.01 36,660 11.88
Boston^ 6Ul,071 100.00$!+, 325, 2UU 100.00 308,1+70 100.00
Details may not add to totals due to rounding.
SOURCE: See text.
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for each variable. CORC depends upon both per capita tons of refuse and
9
collection costs per ton of refuse.
CORC is highest in District 6 (West Roxbury) , which has the second
highest tons of refuse per capita (—) but only the eighth highest collection
cost per ton of refuse . It is difficult to make an exact comparison
with the other expenditure categories which are based upon census neighbor-
hoods but a rough comparison of Public Works Districts and census neighbor-
hoods can be made based on Table A-2. (No attempt was made to combine the
data of Tables IV-2 and IV-5.) Thus District 6 includes parts of West
Roxbury, Hyde Park and Roslindale. West Roxbury had the lowest per capita
expenditures and Hyde Park ranked 13th. Roslindale, however, had an inter-
mediate rank of 8. At the other extreme, District 5 (South Boston) had the
lowest CORC. District 5 also had the lowest 9l and the next to lowest •
P G
District 5 comprises all of census neighborhood South Boston and only a
small fraction of Roxbury and North Dorchester. Thus the relevant compari-
son is with South Boston, which had an intermediate ranking with respect to
total per capita expenditures.
The other interesting comparisons are for Districts lA, A and 9,
which correspond precisely with census neighborhoods Charlestown, Brighton-
Allston and East Boston. Bearing in mind that there are 15 census neighbor-
hoods and only 11 Public Work Districts, Charlestown has the second lowest
CORC, but the second highest per capita figure for the total category and
for police and fire services. Brighton-Allston has an intermediate ranking
with respect to CORC, but had the second lowest figure for total per
capita expenditures. East Boston has roughly an intermediate ranking for
both CORC and for total per capita expenditures.
Table IV-6 yields some interesting statistics. District IB (Boston
Proper) has only 10.2 percent of the population but accounts for 20.1
-51-
10
percent of the refuse collected. The remaining tons of refuse are
distributed more (although not completely) in proportion to population.
C. Comparative Analysis
The complexity of the allocation methodology and the admitted short-
comings of some of the data may strain the credibility of our expenditure
estimates. Confidence in this study is, we believe, bolstered by the re-
11
suits of a study recently reported in the New York Times . In some
aspects the study done in New York is similar to this report, but in
other areas very dissimilar. Planning district boundaries (instead of
census tracts) were used to delineate neighborhoods. As in this study,
the fact that the planning districts did not coincide with service districts
presented problems. The New York study covered fire, police, sanitation,
health services, human services and all levels of public education. A
major focus of our study, presented in Chapter V, is to identify the
factors that determine the allocation of resources to the neighborhoods of
Boston. Apparently, a similar study of the determinants of expenditure
patterns was not undertaken in New York.
The absolute magnitude of per capita expenditures in the Planning
Districts is less important than relative ranking and here the comparisons
are interesting. Manhattan's Planning Districts 1 and 5 ranked one- two
with respect to per capita police and fire expenditures. District 1 (Times
Square-Union Square) includes the theater district, mid-town shopping area
and the sex industry (X-rated movies, books, etc.), while District 5
(lower Manhattan) includes the Wall Street Financial District. Combined
Districts 1 and 5 are similar to tracts 701 (Boston Common-Combat Zone)
and 303 (financial district) . Tracts 701 and 303 ranked one-two respect-
ively with respect to COFF and one-three with respect to COPP. In both
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cities, police and fire services are provided to business districts with
relatively few residents. Consequently, per capita expenditures are
12
extremely high.
At the lower extremes, casual comparisons can best be made at the
neighborhood level. In Boston the "suburban" area of West Roxbury had the
lowest COFF and COPP. West Roxbury is similar to such New York City "sub-
urban" neighborhoods as South Beach-Greenbelt in Staten Island, East
Queens-Floral Park and Woodhaven-Kew Garden in Queens, and East Flatbush
in Brooklyn, all of which had either a relatively low COFF or a low COPP
or both.
Expenditures have been allocated to areas and the results have been
examined in a summary fashion. In the next chapter, greater insight is
gained as we analyze the variables that explain the expenditure patterns.
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FOOTNOTES
TO
CHAPTER IV
1. "City's Spending in 62 Neighborhoods Varied Widely in 1969-1970,
Study Finds," New York Times , Vol. CXXII, November 13, 1972, pp. 1
and 44.
2. Due to the use of different boundaries, expenditures by "neighborhoods"
for refuse collection (CORC) are discussed later in this chapter.
3. It should be obvious that the ranking of total per capita expenditures
will be dominated by police and fire expenditures which, on a city-
wide basis, account for about 75 percent of the expenditures allocated
in this study for the five categories. In individual neighborhoods
and tracts, police and fire expenditures will often account for an
even larger fraction of total per capita expenditures.
4. The influence of commercial activity on COFF and COPP will be dis-
cussed later in this chapter and in Chapter V.
5. If the population of Boston were distributed equally among the 15
neighborhoods there would be 42,738 residents in each neighborhood.
Both the North End (pop. 11,110) and the West End (pop. 13,603) have
fewer residents than Charlestown (pop. 15,417) but they are not
isolated and "share" police and fire stations with contiguous areas
such as the South End and the Back Bay. Moreover, the other two rel-
atively isolated areas — East Boston (pop. 38,830) and Brighton-
Allston (pop. 63,618) — have more residents and can more effectively
utilize their "own" police and fire stations.
6. The effect of commercial activity on COFF and COPP is evaluated more
precisely in the multi-variate analysis of Chapter V which views the
world more continuously. In the extreme cases, however, casual ob-
servations are not unwarranted.
7. Low observations are usually not as extreme (i.e., there is a boundary
of zero expenditures) and often harder to explain. Thus for COFF the
high observation of $788.10 was about 22 times the average, while the
low observation of $6.04 was one-sixth of the average.
8. No attempt will be made to carry this analysis down to the tract
level. Per capita and population data for all tracts presented in
the Appendices permit the interested reader to disaggregate Tables IV-2
and IV-3 to the tract level.
9. CORC is equal to costs (C) divided by population (P) . Cost per ton of
refuse is equal to C divided by tons of refuse G. Finally, tons of
refuse per person is equal to G divided by P. Thus:
CORC - ^ « ^ , £PGP
C G
The determinants of ^ and — will be discussed in Chapter V.
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ID. Again we see the influence of commercial activity. Business firms
have their own refuse collection service. However, trucks under
contract to the city do empty litter baskets. Tons of refuse per
person in Boston Proper are about double the city-wide average, but
obviously all of it is not attributed to the residents. Shoppers,
commuters, visitors, etc. also contribute to the refuse of downtown
Boston.
11. The study, reported in the New York Times
,
op . cit
.
, is entitled
Municipal Expenditures by Neighborhoods, and was apparently done
for the City Administrator, but not officially released. It was
directed by Peter Salins of Hunter College.
12. One fascinating statistic should be noted. In both New York and
Boston the high observation for per capita police expenditures is
about 30 times the city average.
CHAPTER V
THE DETERMINANTS OF THE COST OF HOUSING-RELATED
SERVICES: THEORY AND EVIDENCE
A. Regression Analysis
This section is a brief, non-rigorous introduction to regression
analysis as applied to this study. The reader who is already familiar
with this type of statistical analysis should move ahead to the next
section.
In determining the relationship between substandard housing and the
cost of the various city services one would like, ideally, to find the
functional relationship,
y = f(x),
where y, the dependent variable, measures the cost of a particular service
and X, the independent variable, measures the degree or extent of sub-
standard housing. The problem is simplified if we assume that the relation-
ship is linear, i.e.,
y = A + Bx + u.
In this equation, A and B are unknown constants and u is an error
term. If A and B were known, then the value of y cotild be predicted for
a given value of x with a degree of accuracy determined by the error term
(which can be either positive or negative)
.
The statistician obtains estimates of A and B by using the linear
regression model. This procedure, as applied to our study, involves first
the collection of values for the variables x and y for each of the 147
census tracts in Boston. Then a regression line is found which "best" fits
the 147 data points. The estimate of A, denoted by a, is the y-intercept
of the regression line and the estimate of B denoted by b, is the slope
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of the regression line. The statistically predicted value of y, denoted
by y, for a given value of x is,
A
y = a + bx.
The error of the prediction is e = y-y, which is the deviation of the
predicted value of y from its actual value. The process of fitting a
regression line to the data points involves, in essence, minimizing the
size of this error. If the error is satisfactorily small and a and b are
accepted as statistically significant estimates of A and B, we would accept
the regression equation as a reliable device for predicting y.
At this point a numerical example may be useful. Suppose the estimates
of A and B turned out to be 30 and .5, respectively. The regression equa-
tion would be
:
y = 30 + .5x,
A
where y is the dollar cost of fire protection per capita and x is the per-
cent of housing units which are substandard. Then, for example, if 20%
of housing units were substandard in a particular census tract, the pre-
dicted cost of fire protection would be:
y = 30 + .5(20) = $40 per capita.
If the percent substandard declined to 19% (a change of one percentage
point) then the predicted value is
y = 30 + .5(19) = 30 + 9.50 = $39.50 per capita.
Notice that the change in the cost of fire protection, $.5 per capita,
is equal to b (= .5). In general, b is the change in y for each one unit
change in x. Had x changed by 6 units (6 percentage points), the change
in y would have been equal to
:
"(6) (b) = (6) (.5) = $3.00 per capita.
Until now the discussion has been simplified by assuming that only one
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independent variable was needed to explain or predict the dependent
variable y. But, of course, the cost of fire protection, for example. In
each census tract depends on other variables as well as the percent of
1
sub-standard housing. To take account of these other variables the
multiple regression model is used. An example of a multiple regression
equation Is
:
y = bQ + b]^X]^ + h2^2 ^3^3
Here it is implicitly assumed that three independent variables (x-j^
^
X2 and
X3) are needed to explain adequately the dependent variable y.
The method of finding the coefficients b^
,
b^^, b2 and b^ is simply an
extension of the method previously discussed for the single independent
variable case. The Interpretation of the coefficients is somewhat differ-
ent. For example, b 3, the coefficient of the variable X3, measures the
change in the dependent variable y for each unit change in x^ , holding the
other variables (xj^ and Xp) constant .
The parameter b^ could be Interpreted as the value of y when all the
Independent variables are zero. However, a word of caution is in order.
Generally speaking, the regression equation can be a reliable predictor of
y only for values of the independent variables which are in (or close to) the
range of values of the actual data points. In most regression studies (in-
cluding this one) , it is highly unlikely that all of the independent vari-
ables take on the value of zero. Hence the above interpretation of b^ is
faulty. In fact, it is best not to place any interpretation on b^ at all.
We conclude this section with a brief description of how to judge the
reliability of the predictions of a regression equation. Of the various
measures of reliability that are available, two will be mentioned — the
coefficient of determination (R ) and the "t-values" of b,
,
bj, etc.
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A basic objective of regression analysis is to explain the variation
in the dependent variable y. In practice it is impossible to explain all
of the variation, since part of the variation may be due to random error
or to the influence of variables which, for one reason or another, have
not been included in the regression equation. The coefficient of deter-
mination, R , is the fractional part of the variation of y which is explained
by the regression equation. The "ideal" regression equation would have
R'^ = 1 . A regression with no explanatory power would have R = 0.
While the value of R^ measures the overall reliability of the regres-
sion equation, the t-values measure the reliability of each of the coef-
ficients. If a variable is included in the regression equation which has
little or no influence on the dependent variable, its coefficient should
be approximately zero. Put another way, an estimated coefficient should
be significantly different than zero before one concludes that the corres-
ponding independent variable contributes to the explanation of the depend-
ent variable.
To test for this significance, the t statistic is calculated for each
coefficient. High values of t indicate a low probability that the coef-
ficient is zero. For example, in this study if t = 1.98 then the prob-
ability that the coefficient is zero is about .05 for a two-tail test. A
t-value of 2.6 lowers this probability to .01.
B. The Cost of Police Protection
1 . Specification of the Model
We have included police protection as a housing related service
not so much because certain crimes are housing related (e.g., house-
breaking and burglary) , but because it was hypothesized that low quality
housing might add to an overall environment conducive to crime. Hence
housing quality is related to the cost of police protection to the extent
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that: a) low quality housing contributes to crime rates, and b) higher
crime rates induce higher police costs.
Stated more formally, the relationship we wish to investigate is an
indirect one, as postulated in the following five equations.
(CRl, CR2, CR3, CR4, INC, NWH, INDCO)
(SUB, UNEMP, INC, AUTO, INDCO, YOU, EDUC
,
SEN, DENS,
STAB)
(SUB, UNEMP, INC, INDCO, YOU, EDUC, SEN, DENS, STAB)
(SUB, INC, INDCO, YOU, EDUC, SEN, DENS
,
STAB)
(SUB, DROP, INDCO, YOU, DENS, STAB)
where COPP is the dollar cost of police protection per capita
CRl is the Part I crime rate (crimes per thousand people)
CR2 is the modified Part II crime rate (crimes per thousand people)
CR3 is the Part III service rate (police services per thousand
people)
CR4 is the Drunkenness rate (incidents per thousand people)
SUB is the percent of all housing units which are classified as
substandard. Three alternate definitions were employed (SUBl,
SUB2, SUB3), as discussed in Chapter III.
INC is mean family income
UNEMP is the unemployment rate
AUTO is the number of automobiles per thousand people
INDCO is the percent of land area classified as industrial or
commercial
YOU is the percent of the population between 14 years of age and
under 25 years of age
EDUC is a measure of educational attainment. Three alternative
educational variables were constructed. EDUCl is the percent of
persons 25 years old and over with less than 5 years of schooling.
EDUC2 is the percent of persons 25 years old and over who are
high school graduates. EDUC3 is the percent of persons 25 years
and over who are college graduates.
1. COPP = f
P
2. CRl = f
^
3. CR2 = f^
4. CR3 = f^
5. CR4 = f,
4
SEN is the percent of population 65 years old and over
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DENS is the population per square mile of residential area
(the units are thousands of people per square mile)
DROP is the percent of males 16 years old and over not in the
labor force, not in school, not in institutions, and not over
65 years old.
NWH is the percent of the population which is non-white
STAB is the percent of occupied housing units in which head of
household moved into unit in 1959 or earlier.
In equation (1) , COPP is assumed to depend primarily on the four
"crime rates" and secondarily on three socio-economic variables. It is
not assiamed to depend directly on SUB. The influence of SUB on COPP can
be traced by first investigating the influence of SUB on each of the four
crime rates in equations (2) - (5) and then by examining the influence of
the crime rates on COPP in equation (1)
.
In the original formulation of this model we wanted to include COPP
on the right-hand sides of equations (2) - (5) . This was based on the
assumption that the crime rates should depend not only on the socio-economic
2
characteristics of each neighborhood but also on the amount of police pro-
tection (COPP) provided to the neighborhood. The fact that police presence
in a neighborhood should deter crime means that the COPP-CR relationships
in (2) - (5) ought to be negative. However, it was felt that crime rates
(in 1970) should probably depend on police allocations made in the previous
year (1969). Since the previous year's manpower allocations were not avail-
3
able, we decided to exclude COPP from equations (2) - (5).
We now proceed to give a detailed explanation of each of the equations
in our model.
Specification of Equation (1)
The four crime rates are included in the COPP equation for obvious
reasons. In our discussions with officials of the Boston Police Department,
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we were told that the allocation of policemen among the different areas of
the city is primarily determined by neighborhood crime rates. Hence we
4
would expect a positive relationship between COPP and each crime rate.
At the same time we wanted to test other hypotheses about how police
resources are allocated. It may be that neighborhoods with more political
influence receive more police protection. We have included average income
(INC) to see whether, other things being equal, wealthier neighborhoods
receive more police protection.
The variable NWH is included to test the claim that non-white neighbor-
hoods receive less than their fair share of city services. In this case a
negative relationship between COPP and NWH would be expected.
INDCO is included in the COPP equation in an attempt to see whether
the existence of business districts influences the allocation of police
resources over and above their impact on crime rates. Clearly, an industrial
and commercial area will have a large number of reported crimes per resi-
dent, i.e., there are many crimes against property and people who do not
live in the area. We believe that this effect is captured in the crime
rate variables. Given that the crime rate variables are included in the
COPP equation, a significant positive relationship between COPP and INDCO
reflects the fact that, other things being equal (i.e., crime rates), com-
mercial and industrial areas receive more police protection. A positive
relationship between COPP and INDCO suggests either that commercial and
industrial establishments influence the allocation of police resources, or
that the potential impact of INDCO on crimes was not fully captured by the
5
crime rate variables.
Before discussing the specification of each of the crime rate equations,
it might be well to discuss in general the nature and measurement of the
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socio-economic variables included in these equations. The socio-economic
variables characterize the residents of a particular neighborhood. To the
extent that crimes committed in a particular neighborhood involve only res-
idents of that neighborhood, i.e., both the criminal and victim are resi-
dents of the neighborhood, then the socio-economic variables characterize
both criminals and victims. However, if criminals do not generally reside
in those neighborhoods where they commit their crimes, then the socio-
economic variables characteristics the victims only. This issue as to
whether the socio-economic variables characterize both the criminals and
victims or only the victims results in ambiguity as to the expected relation-
6
ships between particular socio-economic variables and the crime rate. An
example of this ambiguity is the relationship between CRl and income. If
one assumes that the income variable characterizes the criminals and not
the victims, then one might postulate an inverse relationship between CRl
and income. On the other hand, if one assumes that the income variable
characterizes the victims, then one might postulate a positive relationship
7
between CRl and income. Given these ambiguities, interpretation of the
estimated crime rate equations must be undertaken with caution.
Specification of Equation (2)
Equation (2) attempts to explain the Part I crime rate (CRl). It
should be noted that the greatest proportion of crimes in this category are
auto theft, burglary, larceny, robbery and assault.
The substandard housing variable (SUB) is included in equation (2)
because poor housing quality may affect the crime rate. People may tend
to spend less time in their housing unit if it is substandard. As a re-
sult of being on the streets, many "incidents" may be reported to the
police that otherwise might not — such as family quarrels or fights.
These "incidents," if they took place in the home, would be less likely to
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involve the police and as a result the reported number of assaults would
be lower. Additionally, since substandard housing units are likely to be
less secure than standard housing units, they are more likely to be burglar-
ized. Thus the relationship between SUB and CRl should be positive.
The unemployment rate (UNEMP) is included in equation (2) to repre-
sent a pool of potential criminals. The greater the degree of unemployment
in a neighborhood the greater the possibilities of individuals or families
with a zero income flow. Thus, the unemployed are more likely to engage
in such criminal activities as robbery, burglary, larceny and auto theft.
Since UNEMP characterizes the criminals rather than the victims, it must
be assumed that such criminals commit their crimes in their own neighbor-
hoods in order for there to be an empirical relationship between UNEMP and
CRl. The relationship between UNEMP and CRl is hypothesized to be positive.
The relationship between CRl and the income variable (INC) is ambiguous,
as noted earlier. If INC characterizes the victims of crimes, then one
would expect a positive relationship between INC and CRl, especially given
the type of crimes included in CRl (robbery, burglary, etc.). If INC
characterizes primarily the criminals (a less likely assumption) , then one
would expect an inverse relationship between INC and CRl.
The inclusion of AUTO in equation (2) rests on the hypothesis that the
greater the number of automobiles in a neighborhood the greater the likeli-
hood of auto theft. Thus we can hypothesize a positive relationship be-
tween AUTO and CRl.
The crime rate variables are crimes per capita. Crimes per capita will
be very high if in a given area there are either many activities which
increase the likelihood of crime or there are many people who spend time
in the area but do not live there, i.e., they might work in the area and be
potential victims of crime. Neighborhoods with large commercial and
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industrial areas have both characteristics. Particularly with respect to
CRl, one would expect more robberies, burglaries and larcenies in industrial
and commercial areas. Thus INDCO is included in equation (2) and should be
positively related to CRl.
The inclusion of YOU (the percent of the population between 14 years of
age and under 25 years of age) in equation (2) rests on the hypothesis that
young people commit' a disproportionate niomber of the crimes involving auto
theft and shoplifting. Again since YOU characterizes the criminals rather
than the victims, it must be assumed that such criminals commit their crimes
in their own neighborhoods in order for there to be an empirical relationship
between YOU and CRl. Under this assiimption, the relationship between YOU
and CRl is hypothesized to be positive.
EDUC is included because of the belief that criminals generally have
low levels of educational attainment. If in fact EDUC characterizes the
criminals and criminals commit their crimes in their own neighborhoods,
8
then there should be an inverse relationship between EDUC and CRl. How-
ever, if one argues that crime reporting is higher among well-educated
victims than poorly educated victims, then one could hypothesize a posi-
tive relationship between EDUC and CRl, assuming that EDUC primarily charac-
terizes the victims rather than the criminals.
The inclusion of SEN (the percent of the population 65 years old and
over) rests on the assumption that the elderly are more likely to be victims
of crimes than other age groups in the neighborhood. The elderly are less
able to defend themselves against criminals. Thus one would expect the
elderly to be the most likely victims (relative to other age groups) of
robbery, assault and purse-snatching.
The relationship between the density of a neighborhood (DENS) and
CRl is ambiguous. Clearly the more crowded a neighborhood is, the greater
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the likelihood of tension and conflict among the residents. As a result
there may be more assaults in such a neighborhood (all other things being
equal). Thus, one might expect a positive relationship between CRl and
DENS. However, the lower the density of neighborhood, the more likely
there may be such crimes as robbery and burglarly. This may result from
the fact that criminals may believe that the probability of detection dur-
ing a crime and capture is lower in neighborhoods of low population density.
Under this assumption, one would expect an inverse relationship between
DENS and CRl.
STAB is included in equation (2) because the longer the residents of
a neighborhood have lived there, the more likely there will be self-policing
activity in the neighborhood. As a result, one would expect an inverse
relationship between STAB and CRl.
Specification of Equation (3)
Equation (3) attempts to explain the Part II crime rate (CR2). Crimes
that fall into this category include such crimes as arson, forgery, fraud,
embezzlement, sex offenses (other than rape), narcotics, gambling, offenses
against family and children, vagrancy, and violations of liquor laws. Since
there are so many different crimes included in CR2, in presenting the just-
ification of each independent variabl,e in equation (3), a complete envmier-
ation of the reasons will not be presented. Rather for each included var-
iable, its relationship to only several of the types of crimes included
in CR2 x/ill be discussed.
SUB is included in equation (3) because people who live in substandard
housing units may spend more time on the streets and as a result of family
quarrels or arguments may Involve the police and generate more arrests
for disorderly conduct. Thus, the relationship between SUB and CR2 should
be positive.
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The inclusion of UNEMP in equation (3) can be justified on the same
grounds as in equation (2). The unemployed are more likely to be engaged
in criminal activities such as forgery, narcotics, gambling, etc. Again,
the relationship between UNEMP and CR2 should be positive.
The relationship of income (INC) to CR2 is probably less ambiguous
than the relationship of INC to CRl. Low income areas are more likely to
have more reported crimes with respect to narcotics, gambling, non-support
and desertion. The actual crime rates with respect to these offenses may
be similar in high-and-low-income areas, but the reported crimes, at least,
are expected to be different. Thus one expects an inverse relationship
between INC and CR2.
INDCO is included in equation (3) for the same reasons it is included
in equation (2). Specifically, crimes such as arson, embezzlement, and
liquor law violations are more likely to occur in areas with a high degree
of industrial and commercial activity. Thus one expects a positive relation-
ship between INDCO and CR2.
The inclusion of YOU in equation (3) may be based on the hypothesis
that narcotics offenses and violations of the liquor laws are more pre-
valent in neighborhoods with a higher percent of young people. The rela-
tionship between YOU and CR2 is expected to be positive.
EDUC is included in equation (3) because uneducated people are more
likely to be victims of fraud and because they are more likely to be
ignorant of the laws concerning such crimes as gambling, narcotics, sex
offenses, etc. The relationship between EDUCl and CR2 is expected to be
positive, and negative between EDUC2 or EDUC3 and CR2.
The inclusion of SEN in equation (3) might be justified on the assump-
9
tion that the elderly are commonly victims of fraud. Thus one would expect
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a positive relationship between SEN and CR2.
The relationship between DENS and CR2 should be positive. High
density may reduce the quality of life in a neighborhood, thereby creating
frustration and a need for escape. As a result, narcotics use, and there-
fore narcotics arrests, may be positively related to density.
STAB is included in equation (3) for the same reason it was included
in equation (2). Thus, STAB and CR2 are expected to be inversely related.
Specification of Equation (4)
Equation (4) attempts to explain the Part III service rate (CR3)
.
CR3 includes primarily police services and not crime. This includes such
services as medical assistance of all kinds, traffic services, landlord-
tenant disputes, lost property, family trouble, vehicular accidents, in-
juries, etc. Again, these services are so numerous and diverse that only
some of the reasons why each independent variable is included in equation
(4) will be presented.
SUB is included in equation (4) because persons living in substandard
housing units may be involved in a higher proportion of landlord-tenant
disputes than persons living in standard housing units. SUB and CR3 are
expected to be positively related.
The inclusion of INC in equation (4) is based on the hypothesis that
high-income people rely primarily on private sources of services rather
than public sources. Thus one would expect an inverse relationship be-
tween INC and CR3.
INDCO is included in equation (4) for the reasons it is included in
equations (2) and (3). In particular, business areas may have a great many
accidents and injuries requiring a police response. As a result, one ex-
pects a positive relationship between INDCO and CR3.
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The inclusion of YOU in equation (4) is based on the hypothesis that
young people may be involved in more accidents and injuries on the streets
than other age groups. Also young people may be under the influence of
drugs in public more often than other age groups. If they should require
emergency help, it is likely that the police would be involved. Thus one
expects a positive relationship between YOU and CR3.
EDUC is included in equation (4) because the more educated a person is
the more likely he or she is to know where to obtain a particular public
or private service and therefore the less likely he or she would be to call
the police whenever any problem arises. Thus one would expect an inverse
relationship between EDUC2 or EDUC3 and CR3, and a positive relationship
between EDUCl and CR3.
The inclusion of SEN in equation (4) is based on the hypothesis that
the elderly may have a relatively high proportion of illnesses, accidents,
and injuries which will result in a need for police services. Thus one
expects a positive relationship between SEN and CR3.
DENS is included in equation (4) because accidents and injuries are
more likely to occur in high rather than low density areas. DENS and
CR3 are expected to be positively related.
The inclusion of STAB in equation (4) is based on the hypothesis that
in stable neighborhoods, where people know one another for a long time,
many services that might normally be supplied by the police will be supplied
by the residents. As a result, one expects a negative relationship between
STAB and CR3.
Specification of Equation (5)
Equation (5) attempts to explain the Drunkenness rate (CR4)
.
SUB is included in equation (5) because people who live in substandard
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housing units may be more likely to drink in public than in their homes
and as a result may be more susceptible to arrest for drunkenness than
people who drink in their homes. Thus one would expect a positive relation-
ship between CR4 and SUB.
DROP is included in equation (5) as a measure of the number of people
who have dropped out of society. This in fact would characterize the so-
called "winos" that one sees on the streets. Thus one would expect a
positive relationship between DROP and CR4.
The inclusion of INDCO in equation (5) is for the same basic reason
it is included in the other crime rate equations. In particular, "winos"
may congregate in industrial and commercial areas in order to panhandle.
Thus one would expect a positive relationship between INDCO and CR4.
DENS is included in equation (5) because professional drunks are
likely to congregate in areas where there are lots of people so their
panhandling activities can be carried on more efficiently. DENS and CR4
should be positively related.
The inclusion of YOU in equation (5) is based on the hypothesis that
the young are less able to "hold" their liquor, and as a result may be
more likely to appear drunk in public. Thus there should be a positive
relationship between YOU and CR4. However, one might argue that the young
drink relatively less than other age groups and therefore are less likely
to be drunk in public. Under this assumption, one would expect a negative
relationship between YOU and CR4.
STAB is included for the same basic reason it was included in the
other crime rate equations. Neighborhoods with longtime residents are
likely to have a high degree of self-policing. As a result, residents who
are drunk in public are likely to be escorted either home or into a private
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housing unit. As a result, there would be relatively fewer arrests for
drunkenness in such neighborhoods . STAB and CR4 should have an inverse
relationship
.
2 . Presentation of Results
We performed ordinary least squares regressions with equations (1) -
(5) several different times, using the alternative definitions of SUB and
EDUC. Here we report the results using SUB3 and EDUCl.
The t-values are in parentheses below each regression coefficient.
o —9
The values of R are corrected for degrees of freedom, and reported as R .
The F statistics for each equation are also reported.
(1) COPP = 4.221 + .299CR1 - .050 CR2 + .091 CR3 + .289 CR4 - .0012 INC
(4.6) (.2) (3.0) (1.2) (.8)
-
.159 NWH + .599 INDCO
(.9) (2.6)
R^ = .826
F = 99.9
(2) CRl = -98.581 + .346 SUB3 + 2.073 UNEMP + .0178 INC
(.4) (.4) (4.0)
+ 2.706 INDCO + 2.838 YOU +6.99 EDUCl + 9.359 SEN
(5.1) (1.7) (2.0) (3.3)
- 4.702 STAB
(4.4)
R^ = .408
F = 11.0
(3) CR2 = -21.492 + .856 SUB3 +5.85 UNEMP + .002 INC + 2.155 INDCO
CI. 7) (2.0) (1.0) (6.7)
-
.444 AUTO
(2.4)
- 1.067 DENS
(2.3)
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+ 1.123 YOU + 2.85A EDUCl + 4.235 SEN - .811 DENS - 2.455 STAB
(1.1) (1.3) (2.5) (3.1) (3.8)
= .395
F = 8.1
(4) CR3 = 65.511 + 5.405 SUB3 + .011 INC + 14.855 INDCO + 10.535 YOU
(1.6) (.7) (6.7) (1.5)
+ 27.542 EDUCl + 28.715 SEN - 6.135 DENS - 18.074 STAB
(1.9) (2.4) (3.4) (4.2)
R'^ = .371
F =11.8
(5) CR4 = 6.927 + .213 SUB3 - .129 DROP + .162 INDCO + .198 YOU
(2.2) (.3) (2.2) (.9)
- .087 DENS - .259 STAB
(1.4) (1. 7)
R^ = .062
F = 2.6
The results in equation (1) indicate that, overall, more police
10
officers are allocated to neighborhoods with higher crime rates. Three
out of the four crime rates have positive signs, two of which are statistic-
11
_2
ally significant (CRl and CR3) . The value of R indicates that about 83%
12
of the variance in COPP is explained by the variables in equation (1).
The coefficient of CRl can be interpreted as follows. If the Part I
crime rate increases by one crime per thousand people, then per capita
police costs increase by 29.9c (= $.299). (This assumes no change in the
other crime rates, NWH, INDCO or INC.) Of course, this is only an
estimate. Since the t-value is 4.6, the standard error of the estimate
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is .065. The 95% confidence interval is 29.9c + 1.98 (.065) = (170,
42.8c). That is to say, we can be 95% sure that the actual increase in
per capita police costs ranges between 17c and 42.8c.
A similar interpretation applies to CR3. If the service rate increases
by one service per thousand people, then per capita police cost increases
by an estimated 9.1C. The 95% confidence interval ranges from 2.9C to
12.3c. The coefficient of CR4 is statistically insignificant. This means
that there is a reasonable chance that the influence of CR4 on COPP could
be positive, negative or even close to zero.
The estimated coefficients of INC and NWH are also statistically in-
significant. Hence in this regression equation there is no conclusive
evidence that the cost of police protection in a particular neighborhood
depends on either the average family income or on the percent of the popula-
tion which is non-white.
The variable INDCO has a positive and significant effect on COPP.
This implies that COPP in the more industrial and commercial neighborhoods
is higher than it would be if policemen had been allocated solely on the
basis of crime rates. As indicated earlier, this may suggest that busi-
ness establishments are able to influence the allocation of police resources.
The discussion of the coefficient of CR2 has been left until last
since the result here indicates a statistical problem, multicollinearity
,
which we have been unable to deal with satisfactorily. The variables CR2
14
and CR3 are very highly correlated. The result is that CR2 is insigni-
ficant in this equation, contrary to our theoretical expectation.
An easy but not wholly satisfactory solution is to exclude either
CR2 or CR3 from the equation and reestimate it. Excluding CR2, equation (1)
becomes
,
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(la) COPP = A. 205 + .295 CRl + .085 CR3 + .281 CRA - .0012 INC - .173 NWH
(4.8) (5.7) (1.2) (.8) (1.1)
+ .599 INDCO
(2.6)
-2
R = .827
F = 117.3
Excluding CR3 from equation (1)
,
(lb) COPP = 15.799 + .329 CRl + .528 CR2 + .227 CRA - .0018 INC - .355 NWH
(5.0) (A. 7) (.9) (1.1) (2.2)
+ .587 INDCO
(2.5)
F =108.9
A comparison of (la) with (1) reveals that the estimated coefficients
and their t-values show little change except that the t-value for CR3 in-
creases from 3.0 to 5.7. In equation (lb) there are two important changes.
In equation (1) the coefficient of CR2 was negative and insignificant. In
equation (lb) the coefficient is positive with a high value of t (= A. 7).
This supports our view that low explanatory power of CR2 in equation (1)
was due to the presence of CR3.
Secondly, the variable NWH, whose coefficient is insignificant in
equations (1) and (la), becomes significant in equation (lb). This suggests
that a significant negative relationship between NWH and COPP might be
masked by the multicollinearity problems in equation (1). However, the
question of whether COPP is lower, all other things being equal, in those
neighborhoods having a higher percent of non-white residents has not been
conclusively answered by our empirical analysis. Further work is needed.
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In equations (2) - (5) the overall explanation of crime rates is
—2
only partly successful. The value of R for equations (2) - (4) ranges
—2
from .37 to .41, but for equation (5), R is only .06. Ironically, SUBS is
significant only in equation (5). Had we included other variables in (5)
which more adequately explain CR4, there is no guarantee that SUB3 would
still be significant. Put another way, SUB3 may be significant in (5)
only because it is serving as a proxy for other (excluded) variables which
better explain CR4.
Based on the results we do have and lacking a better model for explain-
ing crime rates, we conclude that we have failed to show that substandard
15
housing, per se, implies higher crime rates. Even if we discard equations
(2) - (5) and include SUB directly in equation (1), none of the versions of
SUB shows up as statistically significant.
The variables which do have a significant influence on crime rates are
of some interest. INDCO, significant in all four equations, has a positive
influence on crime rates, thereby meeting with our expectations. The vari-
able STAB, significant in equations (2) - (4), has a negative influence, i.e.,
stable neighborhoods experience less crime than those in which the popula-
tion is more transient.
The positive significant effect of SEN in (2) - (4) adds some evidence
to the claim that old people are quite often the victims of crime. INC
was significant only in equation (2), the Part I crime rate equation. Its
coefficient is positive, indicating that INC is a characteristic of the
victims of Part I crimes.
Population density, DENS, shows up with a negative coefficient in
16
each equation. Of the remaining variables, UNEMP, YOU and EDUCl, which
were thought to be characteristics more of criminals than of 'victims, were
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not consistently significant variables. Hence, it would seem that a
study which would offer a better explanation of crime rates should involve
more direct observations on the characteristics of criminals themselves.
This implies, of course, that some source other than census data should be
employed
.
C. The Cost of Fire Fighting
1 . Specification of the Model
Our approach to relating the quality of housing to the cost of fire
fighting is much the same as it was for police protection. Here we employ
two measures of housing quality, SUB and AHU, in equation (6) which, along
with other variables, explain the fire rate, FR.
(6) FR = g^ (SUB, AHU, SEN, EDUC , PERRO, INDCO)
.
Then the fire rate is included in equation (7), which determines the cost
of fire fighting, COFF.
(7) COFF = g^ (FR, INC, NWH, INDCO, LOTH, DENS)
where FR is the fire rate (fires per 1,000 people)
COFF is the cost of fire fighting per capita
AHU is the percent of housing units in structures built in 1939 or
earlier
PERRO is the percent of all housing units having more than one
person per room
LOTH is the percent of land area classified as institution or park
land
SUB, SEN, EDUC, INDCO, INC, NWH, and DENS are defined in Section B
of this chapter.
Equation (6) deals with the fire rate, which is hypothesized to be a function
of the socio-economic and housing characteristics of the neighborhood. The
cost of fire fighting (equation 7) is then estimated as a function of the
fire rate and a set of socio-economic and geographic variables.
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Specification of Equation (6)
SUB is included in equation (6) to estimate the effect of housing
quality on the fire rate. Although the relationship between housing
quality and the cost of providing municipal services may be somewhat
ambiguous and indirect with respect to some municipal services (e.g.,
police protection), no such ambiguity exists with respect to the cost of
fire fighting. The quality of housing should have a significant effect
on the cost of fire fighting in a neighborhood because it is the condition
of a housing unit which to a large degree determines the likelihood of
fire in the unit. Substandard housing units generally possess one or more
or the following characteristics:
(1) The presence of inadequate and/or defective electrical wiring
(2) The unit is generally very old and therefore more likely to be
contained in a wood structure
(3) The presence of numerous fire hazards because substandard units
are generally not maintained as well as standard units.
Thus, one hypothesizes a positive relationship between SUB and FR.
AHU is included in the FR equation because while old housing units
may meet our definitions of standard housing they may still be more sus-
ceptible to fire than newer housing units, due to inadequate wiring, etc.
AHU and FR should be positively related.
SEN is included because the greater the proportion of elderly people,
the greater may be the likelihood of fires. The housing units of the
elderly may be more susceptible to fires due to the advancement of senility.
Thus the relationship between SEN and FR is expected to be positive.
The inclusion of EDUC in equation (6) is based on the hypothesis that
the number of. fire hazards is likely to be lower in the housing units of
well-educated people than those of poorly-educated people. EDUC and FR
17
are expected to be inversely related.
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The number of persons per room (PERRO) is Included in equation (6)
to measure the population density of a housing unit. Overcrowding may
increase the likelihood of fire because it results in more clutter and
therefore more accidents. The relationship between PERRO and FR is ex-
pected to be positive.
INDCO is included in the fire rate equation for the same basic reason
that it is included in the crime rate equations. Neighborhoods with large
commercial and industrial areas will have many fires in non-residential
structures. Given that there are relatively few residents in these areas,
it follows that the fire rates in commercial and industrial areas will be
higher than the fire rates in residential neighborhoods. INDCO should
capture this effect and therefore should be positively related to FR.
Specification of Equation (7)
Equation (7) attempts to explain the cost of fire fighting per
capita (COFF) . The inclusion of other variables beside the fire rate (FR)
in this equation is aimed at identifying other possible influences on
fire fighting expenditures.
INC, NWH, and INDCO are included in the COFF equation for the same
basic reasons that they were included in the COPP equation. The inclusion
of LOTH (the percent of land area classified as institution or park land)
in equation (7) recognizes that the cost of fire protection may be higher in
neighborhoods where there are large amounts of institutional or park land.
In such neighborhoods the residential areas may be separated by the
institutional and park land, which would result in greater travel times
from a given fire station to the fire ground. As a result, more fire
fighting manpower and equipment (per capita) may be required to offer
adequate fire protection in such neighborhoods, as compared to neighborhoods
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with no institutional or park land. Thus one expects a positive relation-
ship between LOTH and COFF.
DENS is included in the COFF equation as a measure of congestion in
residential areas. The more congested the area the longer it will take for
the fire fighters and their equipment to reach the scene of a fire. As a
result, more fire fighters and equipment (per capita) may be required to
offer adequate fire protection in congested residential areas than in non-
congested residential areas. Thus DENS and COFF are expected be positively
correlated.
2 . Presentation of the Results
In estimating equation (6) we also tried an alternate definition
of AHU, namely AHUO, which is the percent of occupied housing units in
structures built in 1939 or earlier.
(6) FR = -5.367 + .199 PERRO + .049 AHUO + .159 SEN + .0849 EDUCl
(1.4) (1.9) (1.3) (.7)
-
.056 SUBl + .130 INDCO
(.9) (5^9)
-2
R = .223
F = 7.99
The coefficients of PERRO, SEN, AHUO and EDUCl have the positive signs as
expected, but fail to meet our criterion for statistical significance.
The coefficient of SUBl is not only insignificant but has the wrong
sign. The same conclusion holds if one substitutes SUB2 or SUB3. Thus it
appears that neither SUB nor AHU is a very convincing proxy for the un-
measurable attribute, "condition of housing units in which fires are
likely to occur."
The variable INDCO is quite significant. There are more fires per
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caplta in industrial commercial areas, as expected. Overall the equation
has a fairly low value of R . The F-statistic is 7.99, which is significant
at the .01 level.
It may be that more fires do occur under the housing and socio-
economic conditions in our equation, but not necessarily in a given year.
That is, equation (6) may be a better predictor of fire rates in the long
run. If we were to calculate the fire rate for a period of several years,
perhaps the results would improve.
(7) COFF = -31.33 + 12.33 FR + .00056 INC - .543 NWH + 1.355 INDCO
(14.2) (.4) (3.1) (5.3)
+ .648 LOTH - .184 DENS
(3.1) (1.4)
—2
R^ = .73
F = 66.8
Four of the six variables show up as statistically significant and
represent a quite reasonable explanation of COFF. The fire rate, FR, has
an exceptionally high t-value. It indicates that the Fire Department has
geographically allocated fire fighting manpower and equipment close to
those neighborhoods with high fire rates.
The negative coefficient for NWH indicates that fewer fire department
dollars (per capita), other things being equal, are allocated to non-white
neighborhoods than to white neighborhoods
.
The positive relationship between COFF and INDCO implies that even
if one adjusts for the fact that more fires occur in industrial and com-
mercial areas, these areas still receive more fire department dollars than
other areas. This could be explained if fires in industrial and commercial
buildings were generally more dangerous and damaging to life and property
than other fires. It may also suggest that business establishments are
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able to affect the allocation of fire fighting resources.
LOTH has a positive influence on COFF as we predicted. INC and DENS
were insignificant.
D . The Cost of Housing Code Enforcement
1 . Specification of the Model
A one-equation model is employed to analyze the cost of housing
code enforcement.
(8) COHC = h(SUB, AHUO, EDUC , NWH, OWNOC , RENVL, SPAN, APARTO, MIXED, SEN)
where COHC is the cost of housing code enforcement per capita
OWNOC is the percent of occupied housing units which are owner-
occupied
RENVL is the average gross rent for renter-occupied units for
which rent is tabulated
SPAN is the percent of the population which is Spanish-American
APARTO is the percent of occupied housing units in structures
with 5 or more units
MIXED is the percent of land classified as mixed, i.e., containing
both residential and industrial and commercial structures
SUB, AHUO, EDUC, NWH, and SEN are defined in Sections B and C of
this chapter.
Since the distribution of complaints to the Department of Housing
Inspection is used to allocate the department's expenditures among census
tracts, it is not possible to estimate separate equations for the housing
18
"complaint" rate and the cost of housing code enforcement (COHC) . As
a result, the cost of housing code enforcement is stated as a function of
a set of socio-economic and housing variables.
SUB is included in the COHC equation because substandard housing units
are more likely to have violations of the housing code than standard units
and therefore will generate more complaints to the Department of Housing
Inspection (DHI) . Thus one expects SUB and COHC to be positively related.
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The inclusion of AHUO in the COHC equation is based on the hypo-
thesis that older buildings are less likely to meet housing code standards
and as a result, tenants in these units will register more complaints than
tenants in newer housing units. AHUO and COHC are expected to be positively
related.
EDUC is included because well-educated people are more likely to
have knowledge of what constitutes a housing code violation and are there-
fore more likely to register complaints with the DHI than less-educated
people. EDUC2 and EDUC3 should be positively related to COHC, but EDUCl
should be negatively related to COHC
.
The inclusion of NWH rests on the assumption that there may be less
communication between black tenants and white landlords. As a result,
black tenants may register more complaints with the DHI than white tenants.
NWH and COHC are expected to be positively related.
OWNOC is included in the COHC equation because housing complaints
are registered by tenants (or renters) and not by owners of housing units.
All other things being equal, one would expect the number of complaints to
be smaller the higher the percent of owner-occupied housing units in a
neighborhood. Thus one expects an inverse relationship between OWNOC and
COHC
.
The inclusion of RENVL is based on the assumption that the higher
the rental value of a housing unit the less likely there is to be housing
code violations. Also, if there were violations, high-rent tenants would
more likely go to the landlord to get action because they believe their
high rent provides adequate leverage. Low-rent tenants are more likely
to consider going to the landlord a waste of time, and as a result, are
more likely to immediately complain to the DHI. Thus RENVL and COHC are
likely to be inversely related.
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SPAN is included because Spanish-American people may be unaware of
the existence of the DEI. Also, they may not speak English too well and
as a result may have difficulty communicating with housing regulation
authorities. These two facts suggest an inverse relationship between
SPAN and COHC.
The inclusion of APARTO in the COHC equation is designed to recognize
that a particular violation could bring multiple complaints because many
tenants individually register complaints with the DHI. Also, tenants in
large apartment buildings may be more likely to register a complaint with
the DHI under the theory that there is strength in large numbers and as
a result, they are less fearful of retaliation on the part of the landlord.
APARTO and COHC are expected to be positively related.
MIXED is included in the COHC equation because residents in these
areas may have to respond to a different set of problems. Restaurants
and other business establishments in the building, or in adjacent build-
ings, may attract rodents and insects not only to the restaurants, but also
to the adjacent apartments. Thus one expects a positive relationship be-
tween MIXED and COHC.
The inclusion of SEN in the COHC equation is based on the hypothesis
that the elderly are less likely than other age groups to register complaints
with the DHI. The reason is that the elderly are not very mobile and
would therefore be fearful of retaliation by the landlord. Thus one ex-
pects SEN and COHC to have a negative relationship.
2 . Presentation of the Results
Our estimate of the COHC equation turned up a large number of
significant variables.
-sa-
cs) COHC = -1.030 + .077S SUBl + .0248 AHUO - .1425 EDUCl + .0304 NWH
(4.5) (3.1) (4.4) (7.5)
- .0208 OWNOC + .0013 RENVL - .010 SPAN - .0071 APARTO + .0253 MIXED
(1.5) (.3) (.4) (.8) (2.1)
+ .0835 SEN
(3.0)
= .49
F = 15.0
Both the SUBl and AHUO have positive significant effects on COHC, as
we expected. Here SUBl has a t-value of 4.5. When SUB2 or SUB3 were used,
—2
their t-values were 1.4 and 1.6 respectively, and the value of R dropped
to around .43 in each case. In this equation then, the simple definition
of SUB (lacking some or all plumbing facilities) works quite well.
For the education variable we used EDUCl. Its negative coefficient
seems to show that less educated people tend to report fewer housing code
violations. We also tried EDUC2. As would be expected, its coefficient
was positive and significant with a t-value of 2.0.
The NWH coefficient is signficant and positive supporting our hypo-
thesis that non-whites, more often than whites, have to resort to report-
ing poor housing conditions to the DHL The MIXED variable emerges as
significant, but not with the expected sign, while OWNOC, RENVL, SPAN and
APARTO do not.
The one surprise in this equation was the variable SEN, which turned
out to be positively related to COHC. Neighborhoods with high percentages
of older people generate more housing complaints, even though we have
controlled for old and substandard housing. It would seem that older
people fear retaliation from their landlords less than we anticipated.
-84-
E. The Cost of Water Services
1 . Specification of the Model
The estimates of water service costs per capita and sewer service
costs per capita are clearly the least reliable cost estimates employed
in this study. As discussed earlier in Chapter III, the expenditures of
the Water Division were allocated among census tracts utilizing the dis-
tribution of water meter installations in 1970. This technique of estima-
tion will yield meaningful estimates of water service costs by census tract
only if water meter installations constitute the vast majority of services
supplied by the Water Division, or if there is high correlation between
water meter installations by census tract and "other services" supplied by
the Water Division by census tract. Clearly this latter assumption is un-
tenable. The major component of Water Division expenditures is the cost of
water and the amount of water used in each census tract will clearly not be
correlated with the number of meters installed in each census tract. In
general, the amount of water used will primarily be a function of the size
of the population. It was not possible, given resource limitations, to
collect data on water use by census tracts. Thus the allocation of water
services expenditures was made using data on installations of meters. Given
the inadequacy of this procedure, the empirical results presented in this
section should be viewed with extreme skepticism.
The model employed to explain the cost of water services per capita
(COWS) is:
(9) COWS = f(OWNOC, AHUO, SUB, INDCO , STAB)
where COWS is the cost of water services per capita
OWNOC, AHUO, SUB, INDCO, and STAB are defined earlier in this
chapter
.
The inclusion of OWNOC in the COWS equation reflects the fact that
there will be more water meters per capita in neighborhoods with a high
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proportion of owner-occupied housing units relative to renter-occupied
units. Generally, most structures have only one water meter, regardless
of the number of housing units contained in the structure. As a result,
areas with a great many multiple family structures would be expected to
have fewer water meters per capita than areas with many single family
structures. Thus one would expect a positive relationship between OWNOC
and COWS.
AHUO is included in the COWS equation because older structures are
more likely to require the replacement of water meters and also because
the water lines in older neighborhoods are more likely to need repairs and
replacement than those in newer neighborhoods. As a result, one would ex-
pect a positive relationship between AHUO and COWS.
The inclusion of SUB has no real justification other than that the
effect of substandard housing was the initial focus of this study. It is
possible that SUB will be significant in the estimated equation. However,
its significance would probably be due to the fact that substandard housing
units are generally old housing units. Thus the influence being captured
by SUB is probably the same effect which is being measured by AHUO.
INDCO is included in the estimated equation because structures con-
taining industrial and commercial activities require water meters and water
services, even though there are no people living in such structures. As a
result, water service costs per capita will be higher in neighborhoods with
industrial and commercial activity as compared to neighborhoods with no
industrial and commercial activity. Thus INDCO and COWS should be posi-
tively related.
STAB is included in the COWS equation as a proxy measure for the
degree of housing construction in a neighborhood and also as a measure of
the changes in ownership of housing units. Clearly, the greater the
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housing construction in a neighborhood, the greater will be the demand for
water meter installations. Also, changes in ownership of housing units may
increase the demand for new water meters. As a result, one expects a neg-
ative relationship between STAB and COWS.
2 . Presentation of the Results
(9) COWS = 1.298 + .4058OWNOC + .1195 AHUO + .1827 SUB3 +
(4.1) (1.9) (2.5)
.2951 INDCO - .2976 STAB
(5.5) (2.2)
= .290
F = 12.9
OWNOC, INDCO and STAB all have significant coefficients with the ex-
pected effect on COWS. Hence there are more new water meters installed per
capita in neighborhoods with high percentages of owner-occupied units or
with high percentages of industrial-commercial use. Fewer water meters per
capita are installed in neighborhoods with higher percentages of long-time
residents.
SUB3 is significant while AHUO is not quite significant. As explained
earlier, it is difficult to understand why SUB3 should have a positive
effect on COWS, except to the extent that SUBS reflects the age of the
neighborhood. But intuitively, AHUO should have been the better proxy.
With this idea in mind, we also estimated the COWS equation as
before, excluding SUB3.
(9a) COWS = -2.6519 + .2906 OWNOC + .1906 AHUO + .3277 INDCO - .1359 STAB
(3.3) (3.2) (6.2) (1.1)
R"^ = .265
F = 14.1
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Here AHUO has a higher t-value than either SUB3 or AHUO in the
original COWS equation, but STAB has a lower t-value than before. The
—2
R has also dropped somewhat. Nevertheless, equation (9a) probably cap-
tures the effect of old neighborhoods on COWS better than equation (9).
F. The Cost of Sewer Services
1 . Specification of the Model
As stated in the previous section, the estimates of sewer service
costs per capita are among the least reliable cost estimates employed in
this study. As discussed earlier in Chapter III, the expenditures of the
Sewer Division were allocated among census tracts utilizing the distribu-
tion of sewer complaints, sewers cleaned and sewers repaired by census
tract in 1970. This procedure will yield only reasonably useful estimates
of sewer costs per capita if the costs of each of the services delivered
were identical. However, data were not available on the costs of each
delivered service. Given the inadequacy of our cost estimation technique,
the empirical results presented in this section should be interpreted with
extreme caution.
The model employed to explain the cost of sewer services per capita
(COSE) is:
(1) COSE = f(INDCO, DENS, AHUO, SUB)
where COSE is the cost of sewer services per capita
INDCO, DENS, AHUO and SUB are defined earlier in this chapter.
INDCO is Included in the COSE equation for two reasons. First, areas
with industrial and commercial activity will have higher sewer service costs
per capita relative to areas with no industrial and commercial activity,
simply because industrial and commercial areas require sewer services, even
though there are no residents in the area. Second, businesses may be more
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likely to complain and receive service than individual residents if there
are malfunctions in the sewer system. Thus one expects a positive relation-
ship between INDCO and COSE.
DENS is included in the COSE equation because there are fewer sewers
per person in dense areas than in sparsely inhabited areas. As a result,
one would expect COSE to be inversely related to population density.
AHUO is included in the COSE equation as a proxy for the "age" of a
neighborhood. Older neighborhoods are more likely to require sewer repairs
than new neighborhoods due to the age (and therefore the condition) of the
sewer facilities. Thus one expects a positive relationship between AHU
and COSE.
The inclusion of SUB in the COSE equation is based primarily on the
fact that it was the initial focal point of this study. However, one might
rationalize its inclusion on the grounds that people who live in sub-
standard housing units may spend relatively more time on the streets than
people who live in standard housing units. As a result, the streets may
become littered, which may in turn clog sewers and require more frequent
cleanings and repairs than in neighborhoods with primarily a standard hous-
ing stock. This would be reinforced if one argued that residents of sub-
standard housing areas have less incentive to keep their streets clean.
Thus one might expect SUB and COSE to be positively related.
2 . Presentation of the Results
(10) COSE = 3.1149 + .2466 INDCO - .0696 DENS + .0354 AHUO
(7.3) (3.5) (.9)
+ .1428 SUBS
(3.4)
= .378
F = 23.18
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Both INDCO and DENS have the expected effect on COSE. SUB3 has a
positive and significant effect, but the coefficient of AHUO, though
positive, is insignificant.
G. The Cost of Refuse Collection
1 . Specification of the Model
In Chapter IV it was noted that the cost of refuse collection (CORC)
G C
depends on two factors: -p-, tons of refuse per capita, and u, collection
costs per ton of refuse, where C denotes costs, G tons of refuse and P,
population. Given that CORC is defined as p- the statement is obvious since
C C G
(11) CORC = Y = Q-J
C G C
To explain CORC we must explain g and ^. In general, g depends upon service
G
conditions and represents the cost of supplying refuse collection, while p
depends upon housing and population characteristics, and thus represents
the demand for collection services.
Two equations were estimated for the 11 Public Works Districts des-
C
cribed in Chapter III and Appendix A. In specifying the equation for q
more variables have been included than can actually be used in estimating
the equations, in order to give a more complete theoretical description of
the factors affecting collection costs per ton of refuse. For q we have
the following equation:
C
(12) g = f]^(TYPE, DISP, HAUL, PICK, DENS, PRES)
.
In brief, the costs of collection per ton of refuse are related to six
service conditions.
TYPE refers to the practice of having separate rubbish and garbage
collection in some districts. A dummy variable was constructed. It equals
zero for combined collection, and 1 for separate collection. Separation
of garbage and rubbish should be more expensive, and thus — should be
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positively related to TYPE.
DISP refers to the number of disposal points. For an individual con-
tractor it can involve as many as three separate places for garbage, com-
bustible rubbish and non-combustible rubbish. It is expected that "q is
positively related to DISP.
HAUL represents the one-way distance to the main disposal site; the
greater the distance, the greater the costs.
PICK is the estimated number of structures in the district. The more
pick-up points per ton of refuse (i.e., the more single-family dwellings),
Q
the higher —
.
G
DENS is the number of people per square residential mile. Density
Q
should reduce travel time and therefore reduce q. The negative correlation
between DENS and PICK is probably very high.
PRES is the percent of land used for residential purposes. As the
percent of non-residential land (1-PRES) increases, the costs per ton of
refuse will tend to increase, as trucks must ride through areas (parks and
commercial districts) not served by the contractor. Thus we would expect
Q
a negative relationship between -g and PRES.
The demand equation estimated was as follows:
(13) -= f^i^, INC, SUB3, PRES)
— represents the number of households per person. There may be fixed
volume of refuse produced by a household. Each household, regardless of
the number of people in it, will tend to read one daily newspaper, one
weekly magazine, etc. With more people there will be more refuse, but
it will not increase proportionately. Thus we would expect the sign of the
coefficient of to be positive.
As average family income increases, families buy more newspapers and
20
Q
use more disposable products. Thus — should increase as INC increases.
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SUB3 Is a substandard housing variable defined in Chapter II. It is
often argued that due to inadequate facilities, refuse is scattered (and
therefore not collected) in areas with substandard housing. In addition,
some units classified as SUB3 have no kitchen facilities. The residents
G
may not eat in the unit and therefore generate less garbage. Thus, p should
be negatively related to SUB3.
PRES is included in this equation because we are again interested in
(1-PRES). In commercial and industrial areas and in parks, non-residents
generate refuse which must be collected by contractors from litter baskets.
Q
Thus in a given area, as (1-PRES) increases, -p will increase. Consequently,
Q
— should be negatively related to PRES.
2 . Presentation of the Results
C
Our estimated equation for q is:
(12) ^ = 18.171 + .2514 TYPE + 2.313 DISP + 1.150 HAUL - .194 DENS
(.1) (2.2) (2.6) (4.9)
-
.090 PRES
(1.2)
R^= .833
F = 10.9
We have included all of the theoretically chosen variables except
PICK. Had PICK been included in the equation, its t-value would have been
only .5, while reducing the degrees of freedom by one. As the equation
21
stands, the F-statistic is significant at the .01 level.
Both the number of disposal points and the hauling distance have the
positive effect on that we anticipated. For example, we have estimated
that an increase in the hauling distance by one mile will increase the cost
per ton by $1.15.
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DENS has a significant negative effect on — • An increase of 1,000
G
residents per square mile of residential area, decreases the cost per ton
by 19c. PRES also has the expected negative effect, but its coefficient
is ins ignificant
.
For tons of refuse per capita we find,
G H(13) - = -1.672 + 1.539^ + .00008 INC + .0109 SUB3 + .0112 PRES
(5.0) (6.2) (3.9) (4.2)
R^ = .910
F =26.3
Q
SUB3 and PRES have positive effects on —
,
contrary to our expectations,
Analysis of this result is complicated by the fact that SUB3 and PRES are
22
highly and negatively correlated. To illustrate this complication, we
report the following equation:
Q
(13a) - =
-.567 + 1.22^ + .00006 INC + .00092 SUB 3
^ P
(2.3) (2.6) (.4)
R^ = .696
F = 8.6
Here SUB3 is insignificant. In fact, dropping SUB3 from this equation
—2
increases R from .696 to .725 and causes little change in the estimates
for
I and INC. Specifically,
Q(13b) - =
-.546 + 1.281- + .00005 INC
P p
(2.7) (2.8)
=z
R = .725
F - 14.2
-2
Moreover, adding PRES to this last equation reduces R slightly (from
.725 to .723).
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(13c) p = -.715 + 1.474p + .00005INC + .00217 PRES
(2.8) (2.8) (.9)
= .723
F = 9.7
Hence, neither SUB3 nor PRES individually adds anything to the explanation
In all of the equations for —
,
-p and INC exert positive significant
effects on the amount of refuse per capita as expected.
H. The Effect of Housing Policy on the Cost of Providing Municipal Services
Given the focus of the study, in this section we concentrate on the
savings that could be realized through housing policies aimed at improving
quality of housing is reflected in two variables — SUB and AHUO.
Our empirical analysis failed to uncover any consistent relationship
between housing quality and the cost of providing municipal services. The
only municipal service the costs of which are clearly affected by housing
quality is housing code enforcement. In the COHC equation, both SUBl and
AHUO are statistically significant.
The coefficient of SUBl in the COHC equation is .0778. This implies
that the expected reduction in per capita housing inspection costs as a
result of one percentage point reduction in the stock of substandard hous-
ing is 7.78c. If we construct a 95% confidence interval for our estimate,
then we can be 95% certain that the actual reduction in per capita housing
inspection costs ranges between 4.38c and 11.18c. The City of Boston in
1970 spent $1.38 per capita for housing inspection. Thus, the projected
level of per capita housing inspection costs as a result of a one percentage
point reduction in the substandard housing stock ranges from approximately
23
the quality of housing. Based upon our equations, we believe that the
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$1.27 to $1.34. The total dollar savings would be between $28,078 and
$71,671. If we assLime that all substandard housing were eliminated (about
6% of the housing stock was classified as substandard, using SUBl), then
the total savings would be between $168,468 and $430,026. Since the
1970 expenditures of the Department of Housing Inspection were $896,582,
there would be a 19 to 48% saving in housing inspection costs.
The coefficient of AHUG in the COHC equation is .0248. This implies
that the expected reduction in per capita housing inspection costs as a
result of a one percentage point reduction in the percent of housing struc-
tures built in 1939 or earlier is 2.48c. If we construct a 95% confidence
interval for our estimate, then we can be 95% certain that the actual
reduction in per capita housing inspection costs ranges between .90c and
4.06c. The total dollar savings from a one percentage point reduction
would be between $5,769 and $26,027.
There was no significant empirical relationship between housing
quality and the cost of providing police and fire services to a neighbor-
hood. There is a significant statistical relationship between the housing
quality variables and the costs of providing sewer services, water services
and refuse collection. Both SUB3 and AHUG are significant in the CGWS and
CGSE equations. However, we attach no importance to our empirical analysis
of these municipal service costs since, as indicated earlier, the cost
estimates for water services and sewer services are the least reliable
cost estimates employed in this study. With respect to refuse collection
costs, the substandard housing variable is significant but has a theoretically
unexpected relationship with the cost variable. Thus we believe that the
empirical analysis has not uncovered any significant or meaningful relation-
ship between housing quality and the cost of providing refuse collection,
water services and sewer services
.
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I. Potential Savings from Housing-Related Policies
In the course of this Investigation an Important, potentially expensive
by-product of housing policies was uncovered. In the crime rate equations
2k
stability had a significant and negative Impact on the level of crime.
Stability of neighborhood depends on numerous factors. Our society is
very mobile and public policies are not designed to discourage voluntary
mobility. However, public policies, especially housing policies, often
force people to move. For example, the benefits of urban renewal must be
balanced against the costs. One cost that should now be considered is the
fact that an urban renewal project which involves relocation reduces sta-
bility (as defined in this study) and thereby Increases crime rates. Con-
versely, an urban renewal project which is designed to Increase stability
will reduce crime rates. A reduction in crime rates should be viewed as
a social benefit even if police expenditures were not reduced. But the
equations also clearly indicate that a reduction in crime rates reduces
police expenditures.
In equation (2) we found that if stability (STAB) increases by 1 per-
centage point, then the number of Part I crimes per thousand people de-
creases by A. 702. In equation (1) we observed that if Part I crimes fall
by one per thousand people, then COPP decreases by 29.9c. Thus if STAB
increases by one percentage point for the entire city, COPP decreases by
$1.41 (29.9c x 4.702). The total saving in police expenditures is
estimated at $903,910 (641,071 persons x $1.41 per person).
In equation (4) we learned that if STAB increases by 1 percentage
point, then the number of Part III services per thousand persons (CR3)
decreases by 18.074. A reduction of Part III services by one per thousand
persons reduces COPP by 9.1c. Thus an Increase in STAB by one percentage
-96-
point for the entire city will decrease COPP by $1.64 (9.1C x 18.074)
and police expenditures by $1,051,356 ($1.64 per person x 641,071 persons).
In summary, as a result of the decrease in CRl and CR3 in response to
a one percentage point increase in STAB, police expenditures are estimated
25
to decrease by almost $2 million.
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FOOTNOTES
TO
CHAPTER V
1. Another simplification, which is still retained here, is that there
is a direct link between fire protection cost and the percent of
substandard housing. The actual regression equations constructed
in this study for fire fighting assume a somewhat less direct re-
lationship. See Section C of this chapter.
2. The concept of neighborhood as used here is that of a census tract.
Earlier the concept referred to larger geographical areas (e.g.,
Allston-Brighton)
.
3. In fact, the allocation of police manpower that was available was
for 1972. We were told at the time that these allocations had not
changed much over time. In the hopes that they had not, we initially
put COPP in the crime equations. The regression results indicated a
very strong and positive COPP-CR relationship, contrary to our ex-
pectations. This undoubtedly meant that the crime equations were
not well identified, a serious problem that occurs whenever any
simultaneous set of equations is estimated. Put another way, we
were unable to distinguish the negative COPP-CR relationship in
equations (2) - (5) from the positive COPP-CR relationship in
equation (1) . Future work must include a much better formulation
of the crime equations before the deterrent effects of police pro-
tection can be measured.
A. See footnote 10 of this chapter.
5. Police Commissioner diCrazia, in commenting on this study, has ob-
served that allocation decisions are also dependent upon the potential
for crime, which cannot be captured by our CR variables. INDCO areas
are potentially high crime areas. The presence of police resources
in INDCO areas may have a greater impact than in other areas in re-
ducing the actual crime rate below the potential crime rate. Thus
resources properly allocated on the basis of the potential crime rate
may appear to be "misallocated" on the basis of the actual or reported
crime rate as used in this study.
6. Theoretically, it is possible that all victims are "victimized" in
neighborhoods other than their neighborhood of residence, and most
criminals only operate in their own neighborhood. Under these con-
ditions, the socio-economic variables would characterize the criminals
only. In general, this would appear unlikely. Additionally, a more
unlikely case would involve a crime committed in a neighborhood in
which both the criminal and victim are not residents of the neighborhood.
If this was generally true, then the socio-economic variables would
characterize neither the victim nor the criminal.
Clearly for certain types of crimes, neither of the above two cases
is possible (e.g., breaking and entering). However, these ambiguities
suggest that future research on the determinants of crime rates should
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disaggregate as much as possible the crime categories used in this
study, so as to increase the likelihood of determining whether the
socio-economic variables characterize primarily the victims or the
criminals. Such disaggregation was not attempted in this study,
since its primary purpose was not to explain crime rates, but rather
the cost of police protection.
7. One might argue that even if the socio-economic variables characterize
the victims, there may still be a negative relationship between in-
come and CRl. However, since CRl is dominated by auto theft, robbery,
burglary, and larceny, a positive relationship between CRl and income
is more likely, especially if one assumes profit-maximizing behavior
on the part of the criminal. This relationship would be reinforced if
crime reporting is higher among high-income people than low-income
people
.
8. There are three alternative educational attainment variables employed
in the empirical analysis. These variables are defined earlier in
this analysis. An inverse relationship is expected between EDUC2 or
EDUC3 and CRl. However, given its construction a positive relation-
ship would be expected between EDUCl and CRl.
9. Since fraud is the only crime in CR2 which is likely to involve the
elderly rather than other age groups, it is highly unlikely that one
could find an empirical relationship between CR2 and SEN.
10. The reader may object to our use of the reported crime rate in the
COPP equation. We are aware that the reported crime rate deviates
from the actual crime rate. Moreover, it is likely that the ratio of
reported to actual crimes varies from neighborhood to neighborhood.
In explaining the size of this ratio it would be useful to look at
the ways in which incidents (crimes or requests for police service)
are reported. Incidents may be reported (a) by a telephone call
from a citizen, (b) directly to a police officer in the neighborhood,
or (c) by a police officer who directly observes the crime or the
need for police service.
An individual would be less likely to report an incident if he felt
that the police response to his call would be slow or inadequate.
This would be particularly true for incidents reported by telephone,
and to a lesser extent, for incidents reported to policemen in the
area. This objection is important and certainly deserves further
study. If the Police Department wants to better serve the needs of
the public, it would be very useful to obtain estimates of the actual
crime rate by neighborhood.
By using the reported crime rate in the COPP equation, we have impli-
citly assumed that (1) the Police Department does not have accurate
estimates of the actual crime rate by neighborhood, and hence (2) the
Police Department relies on the reported crime rate in allocating its
manpower by neighborhood
.
Even if our rationale is accepted, there is a second, but we think
less important, objection that can be made. Since some incidents are
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reported directly to or by policemen in the neighborhood, it may be
that increasing police manpower in a neighborhood increases the pro-
portion of actual crimes that are reported. This might account for
part of the positive correlation between reported crime rates and
COPP. But it is our contention, though unproven here, that this cor-
relation is primarily explained by a conscious police effort to al-
locate manpower on the basis of crime rates. Of course, the reader
may rely on his intuition or feelings in interpreting our results.
11. In this study, a regression coefficient is considered significant
only if it is significant at the .05 level using a two-tail t test.
12. Police expenditures and crime rates, as explained in Chapter III and
Appendix A were partially allocated on the basis of area. Thus
some correlation between the dependent variable COPP and the inde-
pendent variables CRl, CR2, etc. may have been "built-in". It was
not possible to separate out this influence, nor to determine its
impact. Some insight can perhaps be gained from our analysis of
fire expenditures in equation (6) and (7). For fire services we do
not have "built-in" correlation between COFF and FR, and obtain an
r2 of .72.
Perhaps our ability to explain a larger percentage of the variance
of COPP than COFF is due to the "built-in" correlation.
13. The standard error can be found for any of the coefficients by
dividing the coefficient by its t-value.
14. The simple correlation coefficient between CR2 and CR3 is .97.
15. This remained true when we tried the alternate definitions, SUBl and
SUB2. In general, their t-values were lower than those of SUB3.
16. Including population in the denominator of the dependent variable, CR,
and in the numerator of the independent variable, DENS, probably
"built-in" some negative relationship which overwhelmed any positive
effect
.
17. This inverse relationship is expected between EDUC2 or EDUC3 and FR.
A positive relationship is expected between EDUCl and FR.
18. Separate equations could only be estimated if data were available
to construct independent measures of a housing "complaint" rate var-
iable and COHC. The data and methodology for the construction of COHC
are discussed earlier in Chapter III.
19. With 11 observations the number of independent variables must be
limited, as we do not have nearly as many degrees of freedom as in
the other equations with 147 observations. We also expect a high de-
gree of collinearity among the service condition variables.
20. The inclusion of — and INC in the estimated equation can be defended
in the context of^the following theory: Let G- represent the refuse
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of the i ^household and G the sum of the refuse in all households.
For the i household the amount of refuse generated is composed of
a fixed component (newspapers, etc.) and a variable component posi-
tively related to the number of persons in the household, and a vari-
able component positively related to the income of the household.
Mathematically,
(a) Gi= a + bP^ + CLj_
where a is a constant, P. is the number of persons in the i^^ household
and 1^ is the income of the i'-'^ household.
Summing over all households we have
:
(b) G = aH + bP + cl
where P is total population and I is total income.
Dividing by P yields
:
(c)
I
=
af + b + ol
Substituting INC as a proxy for we have part of the equation
estimated
.
21. Fr r= 10.97 at the .01 level.
22. The simple correlation coefficient between SUB3 and PRES is -.81.
23. No attempt is made to estimate the savings due to a change in such
variables as income or education of the population. This is viewed
to be beyond the scope of the present study.
24. The reverse causation can be hypothesized. It could be true that an
increase in crime rates reduces stability as residents attempt to
"flee" high crime areas. To test the alternative hypotheses, we
would need time series data, so that we could observe the lag structure.
25. STAB did not have a statistically significant impact on CR4, but it
did affect CR2 . However, a change in CR2 did not have a significant
effect on COPP in equation (1) . The reader should recall our dis-
cussion of multicollinearity with respect to CR2 and CR3 in equation
(1) alone. We cannot compute the effect of CR3 on COPP from equation
(la) and of CR2 on COPP from equation (lb). In essence, that would
result in double counting. As we have computed the savings the entire
effect from the two highly correlated variables (CR2 and CR3) is bas-
ically accounted for by CR3 in equation (1). These estimates may be
low because our police expenditures exclude administrative expendi-
tures and the cost of centralized forces. Potential savings, if all
expenditures were variable costs, could be 24% higher. See footnote
12, Chapter III.
CHAPTER VI
CONCLUSIONS AND POLICY IMPLICATIONS
This chapter summarizes the results of the empirical analysis and
indicates their implications for public policy and future research.
Section A summarizes the empirical results with respect to the determinants
of the per capita costs of providing the six municipal services analyzed
in this study. Section B discusses the empirical results of the crime
and fire rate analysis. Section C presents the implications of the empir-
ical analysis with respect to public policy and Section D lists some areas
of future research.
A. The Determinants of Municipal Service Costs
In general, it appears that the explanatory power of the estimated
cost equations is highly correlated with the "quality" of our per capita
cost estimates. The cost estimates are most reliable for police protection,
fire fighting and refuse collection. The explanatory power of these cost
equations ranges from 73% to 84%. The least reliable cost estimates are
for water services and sewer services, and the explanatory power of these
cost equations are 29% and 38%, respectively. The cost estimates for
housing code enforcement are, in our opinion, fairly reasonable and the
amount of variation in costs explained by the housing code enforcement
equation is 50%. However, it should be noted that the "success" of the
estimated equations in explaining variations in municipal service costs per
capita among neighborhoods is also a function of the extent to which the
individual cost equations are appropriately specified. Thus it could be
argued that our success in explaining police, fire, and refuse collection
costs merely reflects the fact that these cost equations are "well"
-102-
specified. Conversely, the rather low explanatory power of the water
service and sewer service cost equations reflects the rather "poor"
specification of these equations. We believe that the "success" of the
estimated cost equations is primarily a function of the quality of the
service cost estimates and only secondarily a result of specification
problems
.
The empirical results with respect to the cost equations estimated
for police protection, fire fighting, and refuse collection, as indicated
above, are quite substantial. The empirical analysis of the cost of police
protection supports the hypothesis that police expenditures are primarily
allocated among neighborhoods on the basis of crime and service rates
.
This conclusion is based on the fact that the most significant variables
explaining differences in per capita police costs among neighborhoods are
differences in neighborhood crime and service rates.
With respect to the costs of fire fighting per capita, it appears that
the Fire Department allocates fireffighting manpower and equipment primar-
ily according to the incidence of fires. This conclusion is based on the
fact that the most significant variable explaining differences in per cap-
ita fire fighting costs among neighborhoods is the differences in neighbor-
hood fire rates.
In Chapter V it was noted that per capita refuse collection costs in
a given neighborhood depend upon the amount of refuse generated per capita
and collection costs per ton of garbage. The empirical analysis suggests
that differences in per capita tons of garbage among neighborhoods are
primarily determined by differences in income and the number of households
per capita. Differences in collection costs are explained by hauling
distances, disposal facilities, and population density.
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The empirical analysis of the costs of housing code enforcement per
capita can be considered only moderately successful, as indicated earlier.
The empirical results suggest that per capita costs are highest in those
neighborhoods characterized by relatively large stocks of substandard
housing, older housing structures, high levels of educational attainment,
relatively high proportion of non-whites, and a relatively high proportion
of elderly people.
The empirical analysis of both sewer service costs and water service
costs can be considered a bust (or failure). The primary reason for this,
we believe, is the poor reliability or quality of our per capita cost esti-
mates for these services. As a result, no importance should be attached
to our empirical analysis of these municipal service costs.
B. Crime and Fire Rate Analysis
Although it was not the primary purpose of this study, a crude attempt
was made to explain differences in neighborhood crime rates and neighborhood
fire rates. With the exception of the drunkenness rate (CR4), we are able
to explain about 40% of the variation in neighborhood crime and police ser-
vice rates. We believe that there are two primary reasons for our limited
success in this respect. First, the dependent variables (CRl, CR2, CR3)
were over-aggregated. In other words, there were too many "different" types
of crimes included in each crime rate variable. As a result, specification
of the individual crime rate equations was poor. Independent variables were
included in the estimated equation even though they were expected to be re-
lated to only one type of crime included in the crime rate variable. As
a result, the empirical relationship between the independent variables and
the dependent variable would be expected to be rather weak. Second, the
data used to construct our independent variables (the socio-economic and
housing characteristics of the neighborhoods) did not enable us to construct
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separate variables relating to the characteristics of the victims on the
one hand, and the criminals on the other hand.
No attempt was made in this study to overcome these difficulties.
For our purposes — estimating the determinants of per capita municipal
service costs — the use of "aggregate" crime rate variables was appropri-
ate. Additionally, failure to explain to any significant degree the dif-
ferences in neighborhood crime rates in no way affected our ability to
analyze differences in cost of police protection per capita among neighborh-
hoods. However, our empirical results have clear implications for future
research on the determinants of crime rates using intra-city data. First,
crime rate variables should be disaggregated as much as possible to a '.low
for a more proper and complete specification of the estimated equations.
Second, separate variables reflecting the socio-economic characteristics of
the victims and criminals must be constructed for use as independent vari-
ables in the estimated crime rate equations.
With respect to the fire rate, we are only able to explain about 22%
of the variation in neighborhood fire rates. One possible explanation of
our lack of success is that our fire rate equation is rather poorly speci-
fied. Another possibility is that we have chosen the "correct" independent
variable set, but the dependent variable, the fire rate, should be me sured
over several years. In other words, our fire rate equation may be a better
predictor of fire rates in the long run than in the short run. Another pos-
sibility is that the assumption implicit in our estimated fire equation
that each of the explanatory variables exerts an "independent" influence
1
on the fire rate is incorrect. In fact, it may be the influence of one
variable working in concert with another variable which affects the fire
rate. For example, neither substandard housing nor the percent of elderly
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people per se will affect fire rates. But the percent of elderly people
living in substandard housing units may affect the fire rate. Whatever
the case, our empirical results do suggest promising areas of further re-
search in the area of explaining the incidence of fire.
C . Public Policy Implications
Given the purpose of the project, the implications of our findings for
government housing policies need to be emphasized. On the basis of our
analysis, we believe that public officials, in evaluating housing programs,
should consider the possible savings of a rational policy. In particular,
a housing program which
1) reduces or eliminates substandard housing,
2) reduces the average age of the stock of housing, and
3) increases the stability of neighborhoods,
can decrease the cost of providing municipal services.
Specifically, we have already observed that the elimination of sub-
standard housing and a reduction of one percentage point in the percent of
housing units in structures over 30 years old are expected to reduce the
cost of housing inspection by more than one-third (about $325,000). In
addition, an increase in the stability of neighborhoods by one percentage
point is expected to reduce the cost of police protection by about six per-
cent (almost $2 million). More importantly, an increase in stability tends
to reduce crime significantly. All these savings cannot and should not be
ignored in a cost-benefit analysis of housing programs.
We also believe that the immense amount of data we have generated and
analyzed can also be used as a partial basis for policy decisions in many
other areas of government. Thus a reduction in the number of disposal
facilities will, given our equations, clearly reduce the cost of refuse
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collection. Similarly, an increase in density appears to lower crime rates
and thereby reduces the cost of police protection. However, such policy
decisions have concomitant social costs which, in tiie context of this
study, would be inappropriate to discuss.
D. Future Research
We believe we have uncovered an enormous amount of useful data and
that we have developed some generally useful methodology. Throughout this
report, we have noted important areas that warrant further investigation,
and we have made recommendations for facilitating these studies. These
recommendations are briefly summarized below:
1) To facilitate planning and program budgeting, every effort should
be made to adopt common district boundaries for all city agencies. Socio-
economic data should then be compiled for these districts.
2) To improve the explanatory powers of the crime rate equations,
greater disaggregation of data is required. This level of data is now
available. In addition, socio-economic characteristics on criminals and on
the victims of crimes should be compiled. The potential insights in this
area are unlimited, given the amount of data currently available.
3) To improve our results, we need a more precise allocation of \^ar-
iables than was possible in this study. Use of a geographic base file, now
available but too expensive for our limited budget, would facilitate the
integration of census and service data.
4) To increase the ability of city agencies to respond to the demands
of studies such as this, research funds should be available. These funds
would enable the agencies to enlist necessary technical assistance without
interrupting their normal work schedule.
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FOOTNOTES
TO
CHAPTER VI
1. This assvunption may also be incorrect with respect to our crime rate
equations, and as a result could be responsible for the low explana-
tory power of these equations.

APPENDIX A
THE DERIVATION OF SERVICE DATA BY CENSUS TRACT
In this Appendix the derivation of the data for police, fire and
refuse collection is described more fully.
A. Police
1 . Crime Rates
For each of the 825 reporting areas, the printout provided by the
Police Department grouped reported incidents into three categories based
upon the standard crime code. Part I offenses, with seven categories, in-
cludes such major crimes as criminal homicide, rape, armed robbery and auto
theft. No adjustments were made in this category. Part II offenses in-
clude such varied crimes as arson, fraud, sex offenses other than rape and
prostitution, narcotic drug laws and vandalism. But it also includes traf-
fic offenses, which we believe could be explained better by the variables
that explained services than the variables that explained minor crimes.
1 .
In addition. Part II offenses appeared to be dominated by drunkenness.
Consequently, violation of traffic laws (Code 29) and drunkenness (Code 23)
were removed from Part II offenses. Traffic offenses were added to Part III
offenses which include, among other items, medical care (Code 30), lost and
found property (Code 32) and minor disturbance (Code 33). Finally, a new
2
and separate category was created for drunkenness.
The next task was to allocate the four rearranged crime and service
categories to the census tracts. As explained in Chapter III, Concord
Research Corporation of Burlington, Massachusetts provided a printout,
based on their geographic base file, which for each census tract listed
the reporting areas either completely or partially contained within the
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given tract. For reporting areas listed only once, there was no problem,
i.e., they were completely within a census tract, and the incidents occur-
ring in that reporting area were, obviously, totally allocated to that
census tract. About 80% of the 825 reporting areas were totally within
one census tract. In the remaining cases the boundaries of the reporting
areas were carefully compared to the boundaries of the census tracts, and
incidents were allocated to census tracts in proportion to the area of the
3
reporting area that was within the given tract. With all incidents allo-
cated to a tract, crime (and service) rates were computed and transformed
into standard reporting forms of crimes per 1,000 population. CRl, CR2,
CR3 and CR4 represent these rates for the four categories discussed above.
2 . Expenditures
The allocation of police expenditures to census tracts involved a
three-step procedure of estimating costs per district, estimating costs
per car sector, and allocating costs of car sectors to census tracts.
To estimate the costs per district, we obtained the district assign-
4
ments of 1823 police officers. These data are presented in column 1 of
Table A-1. The 1823 police officers in the 11 districts included personnel
in seven ranks: captains, lieutenants, lieutenant detectives, sergeants,
sergeant-detectives, detectives, and patrolmen. To obtain a more accurate
estimate of the distribution of costs by police district, we weighted the
number of officers in each category by their salaries, using the average
5
annual salary of patrolmen as the basis of the constructed index. The
weighted allocation of police officers is presented in column 2 of Table A-1.
(Naturally, since each category above the rank of patrolman was multiplied
by an index number greater than one, the weighted "manpower" series is
bigger than the unweighted series.) The percentage distribution of this
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TABLE A-1
ALLOCATION OF POLICE EXPENDITURES TO DISTRICT AND CAR SECTORS
(1) (2) (3) ih) (5) (6)
Number
of Weighted Percent Number Expenditure
^Police Alio- Distri- Total of Car Per Car Sector
Police Districts Officers cation bution Expenditures Sectors (Col k -j- Col 5)
District 1,
North End-
Downtown 237 2I16.37 12.95 $ 3,996,1+81+ 9 $Ul+l+,05l+
District 2,
Roxbury-
North
Dorchester 310 320 . 30 16.83 5,193,886 16 32l+,6l8
District 3,
Mattapan lUO lU6.ii5 7.70 2,376,288 5 1+75, 258
District
South End-
Back Bay- 288 297.75 15.05 li QOPi TOT4,029,727 11 1+39,066
District 5»
Roslindale
,
West Roxbury,
Hv p Pa tIc—
Readville 157 163.79 8.61 2,657,122 8 332,11+0
District 6,
South Boston 111+ 120.50 6.33 1,953,1+91+ 5 390,699
District Tj
51+5,209East Boston 95 100.83 5.30 1,635,621+ 3
District 11,
1+11,772Dorchester 171 177.65 9. 31+ 2,882,1+06 7
District 13,
1+1+6,711Jamaica Plain lOh 110.26 5.79 1,786,81+5 1+
District 1^+,
Brighton-
560,897Allston 132 138. Ul 7.27 2,21+3,586 1+
District 15,
652,707Charlestown 75 80 .1+3 1+.23 1,305,U15 _2
2
Totals 1,823 1,902.71+ 100.00 $30,860,877 71+ $1+17,039
""District 2 represents the merging of Districts 9 and 10, District 8 Harbor
Patrol is omitted.
p
Details may not add to total due to rounding.
SOURCE: See text.
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series (column 3, Table A-1) has operational significance, as it was used
to allocate $30,860,877 to the 11 police districts. This allocation is
shown in column 4.
The next step was to estimate the cost for each of the 74 car sectors.
The number of car sectors in each police district is presented in column 5.
Costs per police district divided by the number of car sectors in the given
district represents the estimate of costs per sector in the various districts
(column 6). Costs per sector vary from a low of $324,618 in the 16-car
sector District 2 to a high of $652,707 in the 2-car sector District 15.
For Boston the average cost of a car sector is $417,039.
Finally, the amount of coverage (police services) was determined by
comparing census tract boundaries with car sector boundaries. Based upon
area, a determination was made of how much coverage each census tract re-
ceived from the various car sectors serving the tract. Given the coverage,
and given the cost of a car sector, the cost of police protection in each
tract was easily estimated. Dividing by population yielded per capita data
for the 147 census tracts.
The three-step procedure can be summarized by reference to several
tracts. Tract 2 in Brighton-Alls ton is served by Police District 14 with
four car sectors. Tract 2, it is estimated, received 0.25 of the services
of car sector 14-3 and 0.10 of the services of car sector 14-4 for a total
of 0.35 of the services of a car sector. The estimate of the average cost
of a car sector in District 14 is $560,897. The total cost of providing
police services to tract 2 is $196,314 (0.35 x $560,897). With a population
of 9,245 per capita costs are $21.20 (r^^-iW^) -
In South End tract 703 served in part by District 1 and in part by
District 4, the varying costs of car sectors are considered. Thus tract 703
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receives 0.35 of the services of car sector 1-9 and 0.63 of the services
of three car sectors in District 4. The average costs of a car sector in
Districts 1 and 4 is $444,054 and $439,066, respectively. The total cost
of police expenditures in tract 703 is estimated to be $432,030 (0.35 x
$444,054 + 0.63 x $439,066). Per capita costs are $145.00 ( 2 978 ^
'
6 '
Similar calculations were performed for all 147 tracts.
B. Fire Data
1. Fire Rate
As explained in Chapter III above, a map at Fire Department Head-
quarters which pinpointed the location of all 2,161 fires in structures was
used to allocate fires to census tracts by super-imposing census tract maps
over the fire map. Thus we had an exact count of the number of fires in
structures for each tract. To build in some differentiation among types
of fires, each two-alarm fire (identified by a colored pin on the map) was
7
counted as two fires, each three-alarm fire as three fires, etc. Fire
rates per 1,000 persons were then computed.
2 . Fire Expenditures
Fire fighting expenditures of $23,199,775 were allocated to census
tracts by first assuming that the cost of each of the 72 land-based fire
8
companies was the same. Thus we estimated the cost of a fire company to
be $305,260. The amount of fire services received by a census tract was
again determined by comparing census tract boundaries with fire company
boundaries. As with the allocation of police services, a determination
based upon area was made of how much coverage each census tract received
from the various fire companies serving the tract. Given the coverage and
given the cost of a fire company, the cost of fire fighting services in
-nil-
each census tract was easily estimated. Per capita estimates were then
calculated for each of the 147 tracts. Thus South End census tract 701
was served by the equivalent of three fire companies at a total cost of
9
$915,780 ($305,260 x 3). Per capita costs were estimated to be $788.10,
$915,780
^ 1,162 ^•
C . Refuse Collection Data
This section describes the service areas and the data unique to Refuse
Collection.
1 . Service Areas
For Refuse Collection, Public Works districts have been used as
the observation rather than census tracts. There are 11 Public Works
Districts. They are listed in Table A-2, column 1. In column 2 the census
neighborhoods within each Public Work District are listed. In three
cases — Districts lA, A and 9, census neighborhoods coincide exactly with
district boundaries. In these cases it was easy to compile the needed
census data by aggregating data for all tracts within the census neighbor-
hood. In the remaining cases the usual allocations, based upon area, were
made. Thus the population of Public Works District 6 was estimated to be
11
54,976. Similar estimates were made for other census variables used in
the Refuse Collection equations.
2. Data
For the Refuse Collection Equations discussed in Chapter V, some
of the service conditions variables were derived from data originally
12
provided by the Sanitation Division. In particular, two service condi-
tions variables were used in the equation; type of collection and the
number of disposal locations.
Six districts (2, 3, 4, 6, 7 and 8) have their garbage and rubbish
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TABLE A-2
COMPARISON OF PUBLIC WORKS DISTRICTS AND CENSUS NEIGHBORHOODS
Census Neighborhoods
(1)
Public Works District
lA Charlestown
IB Boston Proper
2 Jamaica Plain
3 Dorchester North
Brighton
South Boston
West Roxbiny
Dorchester South
k
5
6
T
8
9
10
Hyde Park
East Boston
Roxbury
Charlestown (All)
All of West End and North
End, Parts of Back Bay, South
End and Roxbury
Parts of Roxbury, Roslindale
and Jamaica Plain
Peirts of Roxbury and
Dorchester
Brighton (All)
All of South Boston, Parts of
Roxbury and North Dorchester
Parts of Roslindale, West
Roxbury and Hyde Park
Parts of North Dorchester,
South Dorchester and Roslindale
Parts of South Dorchester,
Roslindale, West Roxb\ary and Ifyde
Park
East Boston (All)
Parts of Back Bay, South End,
Roxbury and Jamaica Plain
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collected separately. There was no way to quantify this effect, parti-
cularly since only about 7,800 tons (less than 3% of total refuse collection)
is accounted for by the separate collection of garbage. Nevertheless,
separate collection does affect collections costs per ton of refuse. The
standard statistical technique is to construct a dxjmmy variable, assigning
a "1" to the variable with areas with separate collection and a "0" to the
variable for all other areas. The data for the type (TYPE) of collection
is shown in colvimn 1 of Table A-3.
The number of disposal locations (DISP) was also taken into account.
In some areas, such as District 2, combustible rubbish, non-combustible
rubbish and garbage are all disposed of in one location (Gardner Street).
In other areas, such as District 9, there are separate disposal locations
for each type of refuse. This series is presented in column 2 of Table A-3.
Estimates of the one-way haul distance (HAUL) to the disposal facility
13
were also obtained (column 3 of Table A-3)
.
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TABLE A-3
SERVICE CONDITIONS IN PUBLIC WORKS DISTRICTS
(1) (2) (3)
District and Location TYPE DISP HAUL (in miles)
lA Charles town 2 3.0
IB Boston Proper 2 1.5
2 Jamaica Plain 1 1 2.0
3 Dorchester North 1 2 5.1
4 Brighton 1 1 4.2
5 South Boston 2 1.0
6 West Roxbury 1 1 1.0
7 Dorchester South 1 2 3.8
8 Hyde Park 1 1 2.7
9 East Boston 3 2.5
10 Roxbury 2 4.5
SOURCE: See text for derivation and explanation of symbol.
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FOOTNOTES
TO
APPENDIX A
1. According to the Annual Report of the Police Commissioner (p. AO)
there were 18,382 arrests (not incidents) for drunkenness. This
accounts for about two-thirds of the Part II arrests. Yet the re-
ported incidents (which normally exceed arrests) turned out to be
only about 2,000 on the printout by reporting areas provided by the
Police Department.
2. An area of further study would be a separate analysis of each crime.
Factors which explain auto thefts do not necessarily explain criminal
homicide. This disaggregated analysis is clearly beyond the scope of
the present study.
3. Allocations based upon area for the reporting areas not completely con-
tained within one census tract represented the only alternative avail-
able to us. A far better (but more expensive) method would be to use
the street addresses for incidents reported in the 185 reporting areas
in conjunction with a Geographic Base File. This would permit a more
accurate allocation of incidents. Moreover, our method of allocation
for these 185 reporting areas and the method of allocation of police
expenditures present some statistical problems which are discussed in
Chapter V above.
A. Unfortunately the data we received were for August, 1972. We could
not obtain the data for 1970, but we were assured that the percentage
allocation of manpower had not changed very much between 1970 and 1972.
5. The weights were based upon the average annual salaries on January 1,
1971 of police officers for the seven ranks. Using the average annual
salary of patrolmen at $10,537 as the base set equal to 1.00, the
weights are as follows: captains, 1.61; lieutenants, l.AA; lieutenant-
detectives, 1.A5; sergeants, 1.2A; sergeant-detectives, 1.27; detectives,
1.05. For details, see City of Boston, Program Budget , 1971.
6. Worksheet calculations for each of the tracts are available upon request.
7. In terms of our regression equations in Chapter V, these "weights"
make sense. For the fire rate equation such independent variables as
population density or average age of structures are just as likely to
explain the seriousness of fires as the number of fires. Similarly,
for the fire expenditure equations, the allocation of fire fighting
resources, in theory, should be explained by the expected number of
fires and by the expected seriousness of fires, measured by the number
of alarms.
8. We ignored companies stationed on fire boats (Engs. 31 and A7) and
two companies on Long Island (Eng. 5A and Lad. 31).
9. 0.20 of Engine 10, 0.25 of Engine A, .30 of Ladder 8, .05 of Engine
A3, 1.00 of Engine 7, 1.0 of Engine 25 and .20 of Engine 26.
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10. Worksheet calculations for each of the tracts are available upon
request
.
11. This was done by adding all of the population of tracts 1105 and
1301-1303, and part of the population of tracts 1104, 1106, 1304
and 1401. Again, the exact worksheet calculations for all the dis-
tricts are available upon request. These population figures exceed
the estimates of the Sanitation Division. Their estimate of 50,000
is probably based upon the 1960 census
.
12. Department of Public Works, Contract For Collecting and Removing
Garbage .
13. Circle Inc. -Harvard University Study, Solid Waste Handling in Boston
Neighborhoods
,
May, 1971, Table 19.

APPENDIX B
THE DERIVATION OF LAND USE VARIABLE BY CENSUS TRACT
The Boston Redevelopment Authority (BRA) has maps for each planning
district which identify the use of each parcel of land within the planning
district. For the purpose of this study four categories of land use were
identified: industrial and commercial, mixed, residential and other. The
land use maps were superimposed upon the census tract map. Land within a
tract was classified as follows
:
1. All areas primarily classified by the BRA as used for industrial
or commercial purposes was classified as industrial and commercial .
2. In some areas where a parcel of land classified as residential by
the BRA was next to (or mixed in with) parcels classified as industrial or
1
commercial, we designated the area as mixed.
3. Our definition of residential land included all land classified
as residential by the BRA, plus one-half of the land classified as mixed
2
above
.
4. All other land classified by the BRA, such as park and institu-
tional land was classified as other for this study.
Using a polar planimeter the total area in square miles of each
census tract and of the four categories of land within each tract was
3
determined. This data was then used to further describe the character-
istics of the census tract. Thus our density variable was equal to the
population of the tract, divided by residential area, as defined and meas-
ured by the above procedures.
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FOOTNOTES
TO
APPENDIX B
1. This classification, rarely used, simplified the measurement problems.
Mixed land in our definitions constituted less than one square mile of
land or about two percent of all land in the City. Usually a relatively
small area which was approximately one-half residential and approximately
one-half commercial and industrial was classified as mixed.
2. In order to minimize the possibility of residents with no land classified
as residential, thereby obtaining an absurd result for the measure of
density, one-half of land classified as mixed was added to the resi-
dential land
.
3. Each census tract and each sub-area was planimetered twice to insure
accuracy. The two readings varied very little and the average of the
two readings was used in the study. The average reading for each
tract, and for each area within the tract, was then multiplied by a
conversion factor of 33.05 in order to convert the readings into acres
and divided by acres per square mile to convert the unit of measure-
ment to square miles.
Thus, for each area planimetered:
Planimeter Reading x 33.05
^ Number of Square Miles in Given Area
Acres Per Square Mile
To further check the accuracy of the planimeter reading, initially the
square mileage of the sub-areas within a tract was totalled and com-
pared with the individual reading for the tract. Eventually when we
were satisfied of the accuracy of the methodology, residential area
was computed as a residual equal to the total area of the tract minus
the following areas: industrial and commercial, other, one-half of
mixed. Using our notation, RES = Total Area - INDCO - OTHER - h MIXED.
APPENDIX C
DEFINITION OF TERMS AND SOURCE OF DATA
Acronym Explanation of Term
Service Variables:
Source
COFF
COHC
COPP
CORC
COSE
COWS
C/G
CRl
CR2
CR3
CR4
DISP
FR
G/P
HAUL
H/P
Cost of fire fighting per capita
Cost of housing code enforcement
per capita
Cost of police protection per
capita
Cost of refuse collection per
capita
Cost of sewer services per capita
Cost of water services per capita
Cost per ton of refuse
Part I crime rate (crimes per
thousand people)
Modified Part II crime rate
(crimes per thousand people)
Part III service rate (police
services per thousand people)
Drunkenness Rate (incidents per
thousand people)
Disposal facilities (number
needed) for refuse
Fire rate (fires per thousand
people)
Tons of refuse per capita
Hauling distance for refuse
Households per person
See Chapter III and
Appendix A
See Chapter III
See Chapter III and
Appendix A
Same as above
See Chapter III
Same as above
See Chapter III and
Appendix A
Same as above
Same as above
Same as above
Same as above
See Appendix A
See Chapter III and
Appendix A
Same as above
Appendix A
See Chapter V,
Section G
PICK Number of refuse pickup points Same as above
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Acronym
TYPE
Explanation of Term
Type of refuse collection
(dummy variable, = combined
collection and 1 = separate rub-
bish and garbage)
Source
See Appendix A
Land Use Variables
INDCO
LAND
LOTH
MIXED
Percent of land area classified
as industrial or commercial
Total land area in square miles
Percent of land area classified
as institutional or park land
Percent of land area classified
as mixed
See Chapter III and
Appendix B
Same as above
Same as above
Same as above
PRES Percent of land area classified
as residential
Same as above
RES Total residential area in square
miles
Same as above
Socioeconomic Variables:
AUTO
DENS
DROP
EDUCl
EDUC2
EDUC3
Number of automobiles per
thousand people
Population density (thousands
of people per square mile of
residential area)
Percent of males l6 years of age
and over not in labor force, not
in school, not in institutions,
and not over 65 years of age.
Percent of persons 25 years old
and over with less than 5 years of
schooling
Percent of persons 25 years old
and over who are high school
graduates
Percent of persons 25 years old
and over who are college graduates
1970 Census of Population,
Fourth Count
See Appendix B
1970 Census of Population,
Fourth Count
Same as above
Sam,e as above
Same as above
INC Mean family income Same as above
NWH Percent of the population which is Same as above
non-white
Acronym
POP
SEN
SPAN
UNEMP
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Explanation of Term
Total Popiilation
Percent of the population which
is 65 years old and over
Percent of the population which
is Spanish-American
Percent of persons 16 years old
and over unemployed on April 1,
1970
Source
Same as above
Same as above
Same as above
Same as above
YOU
Housing Variables
AHU
Percent of population between 1^+
years of age and under 25 years
of age
Percent of housing units (occu-
pied and vacant) in structures
built in 1939 or earlier
Same as above
1970 Census of Housing,
Fourth Count
AHUO
APART
Percent of occupied housing
units in structures built in
1939 or earlier
Percent of housing units (occu-
pied and vacant) in structures
with 5 or more units
Same as above
Same as above
APARTO Percent of occupied housing
units in structure with 5
or more units
Same as above
OWNOC Percent of occupied housing
units which are owner-occupied
Same as above
PERRO Percent of occupied housing
units having more than one
person per room
Same as above
RENVL Average gross rent for total
renter-occupied units for which
rent is tabulated
Same as above
STAB Percent of occupied units in
which hesdof household moved
into unit in 1959 or earlier
Ssjne as above
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Explanation of Term Source
Percent of occupied and vacant Same as above
housing units which do not have
all plumbing facilities
Percent of occupied and vacant Same as above
housing units which do not have
all plumbing facilities and
adequate heating
Percent of occupied and vacant Same as above
housing units which do not have
all plumbing facilities
,
adequate
heating and both direct access
and complete kitchen facilities
APPENDIX D
PRINTOUT OF CENSUS DATA BY TRACT
All variables are to be read as percentages (e.g., in tract 1, 5.00^
of the land is classified as mixed. ) except for the following:
CRl, CR2, CR3, CRi+: crimes (or services) per thousand people
FR: fires per thoiisand people
DENS: thousands of persons per square mile of residential land
INC: average annual family income in dollars
AUTO: automobiles per thousand people
POP: n\amber of residents
RENVL: monthly contract rent in dollars
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1 34.40 0i9^7 47t50 .... 5.2:j
? 0.00 0.4^2 6.2C 2 .
3 0. 00 0.503 25.30 .
4 r\ n ^•J 9 ^ ^ 0,4R1 20. ?C 6.70
5 4.50 0.621 59.10 .J . U J .
6 0.00 0.42 5 . 31.90 3.30
7 31.30 0.23R • C
. ._w-*'3 "J , .
.
25.10 0.92 6 25.10 29.10
101 21.40 0.257 61.00 7.30
102 42.00 0.319 2 8.20 0.0
1 '^3 1.50 0, 30 37.30 0.0
1 04 0.00 C . 263 63.10 19.30
105 0.00 0.06 9 o.oc 1^1.1
106 74. 20 0. 140 10. oc 10.00
107 53. Q J 0.185 C . c . C 'v
1 '"i a
^ - 4.8 0. 144 27.0 \ '> '^
?01 12.20 0.114 30. 7 C COG
?o? 3 0.40 C.C4 5 4.30 O.CC
? 03 54.60 0t326 24.25 c.oc
301 0.00 0.035 34.20 O.OC
302 53.50 0t028 COO O.OQ
70.40 0.27 3 20.0 4.30
38 .60 0.043 11.30 J . V V
-a o m 33.30 0.080 50.6'J 0.00
401 61.50 C.090 O.OC 0.00
402 46. 5 0.05 7 0.00 O.OC
403 20.20 0.069 O.OC 0.00
404 48. 20 0. 175 15.30 0.00
405 14.30 . 046 0.00 O » \.
406 76.40 0.229 14.40 0.00
407 62.80 0.296 12.50 0.00
40 8 45.70 0.36 5 42.70 O.OC
501 22.30 0.103 13.50 Of 00
502 5 .70 0.086 0.00 0.00
503 24.00 0.125 45.60 16.00
504 37.30 0.075 0.00 0.00
505 0.00 0.C45 1 'J . 0.0
506 0. 00 0.C68 20.50 32.30
507 0.00 0.035 0.00 40. OC
508 0.00 0.072 35.60 0.00
509 45.00 0.295 21.60 O.OC
510 5.80 0.442 51.90 0.00
511 27.20 0.83 2 36.60 0.00
512 3. 90 1.92 3 92.50 0.00
601 0. 00 0.760 85.20 1.00
602 0.00 0.056 14.20 n, r\ r\J . O w
603 1.80 0.110 6.30 7.20
604 4.00 0.148 12.80 O.OC
605 53.90 0.447 12.70 3.10
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«^1.90 0.676 43.60 1 .flO
607 0.00 0.04 7 V . J w O.OC
608 ._I2_.5 ^ 0.056 0.00 .0.00
609 16.60 0.072 9.70 0.0
610. _ . ..0r.0_0__ 0.05 7. c.o_o
. _ 0.00
611 2.10 0.278 76.70 0.00
612 13.10 0.03 8 0.00 10.50
613 87.90 0. 173 2.20 2.20
61^ ._75.80 0.417 10.20 13.90
701 70.3 0.49S 29.60 . V/
70 ? i^9. 00 0. 107 0.00 51.90
.
.
703 49.10 0. 169 29.60 0.00
704 loo. 0.10 5 o.oc 0.00
705 9.50 0.115 6.90 0.0
705 29.40 0.050
.
.13.70 0.00
707 38.30 0.060 0.00 o.cc
708 48. 00 0.C75 0*0
709 27,60 0.065 26.10 .
710 17.20 0.05 7 50.00 o.oc
711 15.30 0.052 71.10 0.00
712 53.60 0.176 30.50 0.00
flOl 48i90 0.418 15.50 o.co
PC? 0. 00
_0.^8_5__._ 0.00 o.oc
p 03 16.00 0.105 12.2 0.00
804 58.90 0.112 0.00 o.oc
P05 12.10 0.106 0.00 22.40
P 06 ___49. 2 0_ 0. 13S 15.20 24.60
P 7 44. 80 0.09 8 8.10 o.cc
808 37. 00 0.089 21.30 0.00
809 10.50 0.095 17.80 o.co
810 2.10 0.233 73.00 0.00
PI 1 2.20 0.226 65.90 0.00
P12 16.10 0.118 14.40 5.10
813 22.90 0.221 0.00 0.00
814 26.60 0.154 0.00 0.00
815 2.20 0.131 0.00 0.00
816 36. 30 0.065 0.00 0.00
817 17.70 0.253 13.40 0.00
818 16.70 0. 131 0.00 0.00
819 7.30 0.150 4.00 o.co
820 15.10 0.145 0.00 0.00
821 4.40 0.136 0.00 0.00
901 4.00 0.171 0.00 0.00
902 17.10 0. 105 o.oc 0.00
903 10.30 0.145 0.00 0.00
904 7.40 0.093 0.00 0.00
905 4.30 0.069 0.00 o.oc
906 0. 00 0.114 0.00 0.0
907 55.70 0.326 4.20 1.80
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^11 ^.V: 0.16 7, 5 'J 2.5C
^12 9.10 0.12C 13.3 3.3C
-13 15.60 0.101 ,0.00 O.CO
51^ .i. =?:C 0.130 _ _ 6.10 o*cc_
= 15 3. 20 . 152 3 . 90 -^.20
-16 3.50 0.115 11.20 5.10
=17 5.3 0.113 2C.3u 0.00
14.50 0.155 12.70 0.00
f^l9 7.7 O.IR-^ 6.60 3. 3
12Q 2_i.0.0 .0.191. . 6. 30 O.ilO
^?1 23.50 0.542 8.P0 0.70
=22 5.30 0.223 5.30 5.20
=23 4.50 0.131 5.30 0.00
=^4 8.60 0.253 9.30 0.00
l^^l 9.30 0.321 34.20 O.CO
_10 02 15_8_0.Q -QjlJO.-. ... il..O,^
100^ 0.00 0.169 0.00 0.00
K04 8. 30 0.233 5.00 1.30
1005 0.00 0.327 3.30 3.40
1006 22.10 0.552 13.90 1.20
l'^'^7 30.20 0.526 23. 10 O.OC
1003 ^j_^0 J1^133 ^9.2w 2.-0_0.
1009 7,70 0.337 16.00 0.00
1010 5.30 1.033 38.00 0,00
I'^ll 3 .60 0.356 8. 10 9, 50
1101 2.2 1.92 8 5.10 0.00
1102 3.60 0.208 34.10 0.00
110 3 19. 30 , 301 27. 8
_
0.00
1104 1.70 0.555 10.20 0.00
1K5 5 .00 0.514 3.50 0. 00
1106 6.70 1.107 26.60 0.0
1201 0.60 1.493 50.10 O.CO
1202 43.40 0.273 5.10 O.CO
1203 3.90 0.251 6 .30 0.00
12 04 10.40 0.333 7.50 0.00
1205 12.00 0.033 24.00 0.00
1206 0.00 0.093 0.00 0.00
1207 0.00 0.149 59.70 0.00
1301 3.80 1.69 7 67.30 0.00
I3r.2 3 . 30 0.5 07 C^OC
_
0.00^
1303 3.30 0.613 13.20 0.00
1304 11 . 30 2 .033 48.30 COO
1401 6.90 2.457 57.80 O.CO
1402 8.00 1.151 33.30 O.OC
1403 27. 70 0.61 1 7. 10 COO
140 4 2. 30 0. 722 20.3 0,5
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-135-
T 7 ; f T
'J " ? p;-;S \J L_ 'J EDUCl- ^ ^ W ^ X lD'JC2 ^ W ^m-j^ - Ii\C
.^fcj. —
—
^ 1 . w -J ? 2 . 3 14-11 12.25 31.17J 1^ < X f ^ * ^ ^ 70 37
74. 7 7 16.77 7.6 9 9.43 23.50 1.10 5 32 3
? 9 m 17.52 16.11 0.70 3 J .45 0.72 794 1
47. 16 2 0.20 11.92 5 . 72 44.93 5.16 94 7 5
e. \ 'I 03
,
9U 17.25 14. 69
_
3.74 40.37 2.16 694 7
^1 1 34. 74 1 5 . S 5 25.46 3.17 3 5.61 1 .79 7378
-
-X. ^ 46 . 2'3 1 7 . C C 15.05 4 . 95t .1 ^ ^ 3 6.56 4.84 92 58
^: 57. 13 22.98 5.88 7.30 25.26 8.55 6317
J. * is. ? 3 . 6 6 15.26 10.67 37 . 8 w 1 L 4 9
*. 60. 75 13.59 2 0.56 11.41 72 .06 4 . 8 V 13975
-? o
f o - 63 . 6 2 30. 5C 11 . 99 ._18 . 87 34.54 3.j9 7 . 74 8 7
70 3 82. 72 15.85 17.49 5.45 62.62 23.37 12033
j'i' 1 0. 16.55 ^ 5 . L7 11.12 43.95 5.35 64 5
70 5 taO. C7 16.93 14.72 14.12 35.40 7.12 779^:
7 ^
. 85. 1 5 .2 y 15.74 6.13 4b .03 17.15 1 'J 5 1 9
-» 18. 31 14 , 94 11.53 1 .b9 51.36 20.45 7611
7/> 54 < 94 13.73 12.90 5.55 42.55 1 0..5.2 684 5
^
. V 63. 6 11.59 15.43 3.46 24. =3 5.05 6 3 94
-71 65 . 3 6 23.32 21.09 6.87 50 .87 7.37 7751
^1
1
i:o. 3 5 3 3.00 11 .04 8.10 5 9.10 30. 7a vH964
712 35
.
46 16.54 13.33 10 .93 30 .64 5 . 97 571^
5 . 22 17.99 3.48 19.62 29.97 1 ,d-j 7 93 9
23. 15 17.58 16.36 9.88 32 . 50_. 4.56 6775
43. 2? 20.00 7.73 3.34 31.66' 2.2 8 5679
^ A
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16. 73 16.76 23. 54 8.45 20.89 1.11 5270
=lJWL 55 • 75 19*.C0 12.83 9.13 26.65 1 .17 5750
B07 10. 5 2 19.59 21.07 9.8 3 39.34 67 5
?03 31 • 43 16.32 14.47 7.63 41 .64 10.08 58 5 2
909 47. 20 29.15 13.08 2.67 56.62 18.52 11368
P 1 37. 37 35 . 04 10.69 4.49 58.84 21.60 95 98
Pll 41 . 02 28.36 18.48 6.30 54.78 11.97 9891
» 12 63 • 39 19.96 9.56 8.82 34.69 3.73 5468
513 23. 67 18.72 9.57 6.41 49. 10 3.23 7516
19. 85 19.20* 7 f H V 13.77 7.81 41.71 11.91 6955
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•° 1 6 22 50 16.19 7.93 4.49 51.12 1.84 7654
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Rl R 34. 96 19.31 10.57 7.05 38.86 4.23 7525
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906 22. 82 17.40 10.76 20.82 27.53 1.29 6580
907 30. 56 20.00 11.66 7.44 42 .78 2 .18 9672
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1.50 u . . . 1 5 . r ^ - 1^ 922
^'^ 1 6.29 5 . ? 5 5 2.90 7.56 21.70 35e9
--- -
<^ ^ a
. 35 . w_ ^ 1_43..50 . 6.92 1 6..
_ 1421
A'l 0.00 CO") 151.20 4.71 1 1 . -5 2 'J
A 1
-
2 « 3 9_ _ O ..QC __. . .10 9,39 _ 4.46
.
9.3 3 7.9
f 1
1
3.55 0.00 1 3 1 . 2 ^0 5.2 7 9. wO 2 013
f.l ? 0.00 19C. 39 7i34 1 2 o
f 1 ? 5.60 0.00 141.10 6.01 10.90 57
614 3 « 5_ 0,0 20 Or 20 S . 67 1 4 . .1 J 5 24
2 8.74 3.51 135.89 4.91 • £ 1 162
5 9,56. 1 C 3 . 3,.5 9. V. 30 1718
18.50 5.0 7 18 4.00 5,65 :i.70 2 9 73
76.09 0.0 94.19 . 57 16.00 1740
7 ,; 5 37.46 8.8 2 10 7.10 6.82 15.60 ^'-07
2 9 . 7 7
_
C . 9 19 5,59 4.24 13.20 246 s<
"7 "7 6 9.54 0.0 196.7? 3.13 1 3 . 5- 6 9 6
P C 82 •95. ^_O^.0Q 10 6. Q_9 _ ^ . 7.90 1 1 .5 1 _ 2533
•^.^ Q 8 3.1? 4.91 16 7.50 4.29 7,6 16 92
7 i
" 2 1.98 4.3 4 140.39 5.63 13.00 1242
. 1 14.73 2.97 16 8.50 2,69 15.00 ":'06
'I 2 5 4_^4__ 1 5 . 5a _44 , 1^... I.0...4 1
.
l2i2_.Q. . 2 3 9 3
33.29 12.85 142. 60 10.40 7.30 773
p
^47_._C.O^ 1J3..__6.6_„._ 10 5.60 3_..6o_ l4A,i.0._._ 19 66
77.92 7.57 70.39 9. lA 22,50 3265
4 39.53 28.43 4 2.60 5.45 15.90 Ibtl
° n 5 10 0.00 3.20 5C. 19 9,25 0,60 1372
"05 93.33 61.60 16.27 2 2.!_5 ___ 1 7 t-, 4
75. 65 coo 84.69 0,00 17.50 434
o r q 41.25
._.__6_.3.3.„_._ ^__86,_19_ 7,34 18,30 3 013
R09 9.40 14.43 255.70 5,12 7,70 3210
filO 9.7S 2.60 232.19 3,80 7.50 5^63
°\\ 12.66 2. 87 222.00 2,95 5.90 2954
fil2 59.23 65.30 4,62 19.40 5 04 8
.
013 69.19 7.53 141.30 5,57 12.20 4 048
P14 54.23 1.73 168.79 8,51 10.60 2244
P15 80.41 6.77 126. 19 5. 94 10.90 2 9C6
015 8 0.10 1.79 147.00 0,93 8.3 945
°17 94.41
.
10.37 127.00 5. 77 14.50 4331
1 P 89.08 9.23 129.80 8.01 15,90 3811
° 1 9 92.12 3.8 6 171.70 5. 95 7.10 4191
2 91.51 2. 23 143.90 5.31 7.60 3537
B21 94.56 0.30 153.50 6,40 1 J. 50 5323
901 96t32 4.40 156,40 6, 60 9.60 5377
9 2 94.91 3.90 141.89 5 , 32 16.00 2 5 58
c 03 96.95 2.63 113.50 5.58 14.30 3189
^04 79.82 11.58 172. 19 4. 99 9.60 2458
«05 53.56 14.41 114.69 9.50 13.90 2345
° 5 37.77 10.64 112.89 3.70 21,00 2602
c 7 OiOO 2.45 193,10 2.96 6,70 3 7 90
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T O A f T
\ ^. SPAM AUTO r OF
C ' Q
s< ft -
> 1^14
r T. 61.16 14.32 3 2 . 9 1 . 02 1 J3 • 5 465.
1.S3 7.95 22 2.39 6. 06 6.20 3 .)
/ ^ A 3.97 ? 1 B . 5 ' 3 . v4 w . ( c 6 2-1W w X
1 .14 3.50 c '^ ^ rf • ^ ^ 2.85 . V 3571
1 7 . C 8 6.43 130..i9 4.9 5 11.20 2 7 c
= h 4 4.01 1 6 . 1 124.10 ' 7.75
_
15.30
c ; 5 1,^7 16 7.30 4.6"? 1 1 . 6 C 5 6 L J
Q . 7 2 C . J 215.5:: 5. 01, 11.50 3 5 c 6
O 7 0,57 1.93 196.29 4.31 b . i 3 .> I
91 p '3.20 • 249. :3s. 5.15 11.60 4 7 29
1 6 5.60 1.90 1 47 . 2 J 7. ^^9 13.00 5 2 9 H
C T 3.40 ?. ? 1 7 01.00 1.97 4 . 3 'J b54 1
^? 1 1.04 C . 7 3 C . 6 3.33 5.2 6 9 92
1.90 • \r 2 2 9 . a : 2 . 74 6.7- 4315
r 9 3 5 4 . H 2 6 . 4 16'^.X W w • ^ w 7.1c 9.10 •3741
36.75 2.93 13 7,40 4,17 10.60 74 6 9
74.55 0.7'* 12 8.10 8.32 ^ .70 76 2 3
69.60 2.35 152.30 3.0 5 9.20 4340
1 C 3 11.58 7. 1 2C9. 5 3.42 5.60 ^ 5 V 1
0.11 2.42 2 P 0.7 2.4 9 6. JO t.233
13.45 1.32 20 3.70 3.32 10.60 7 3 9
1 r f> 1.17: _C,^9_5_ 224. 10 2.9 3 6.2 9637
1007 1.02 0.00 287. 5C 2.61 3.10 5345.
l^OB C .76 0.00 ^'O. 60 3.70 4 .40 6114
1 C 9 C .48 0.46 27 9.20 2.14 4.60 4^40
ICIO 5.45 ._1..61
_
312.30 3.99 7.20 11250
1 1 1 49.96 2.98 213.39 2.70 9 . S 9423
1 1 CI 7,24 l 5
_
^166.29 _ 4 , 6 9 6.0^.^ 8.4 8
110? 2.45 C.74 298,40 3. 89 7.60 22=5
li:.)3 0.36 ' 0.00 303.79 1.70 2.90 2722
1 1 "4 0.32 0.0 274,90 4.68 4. 7C 8154
1105 0.35 0.43 277, 30 3. 04 3.40 8813
1 1 r^s 0.54 0.00 303,79 2.91 3.80 9973
1201 2.87 2.12 272,70 2 . 64 4.50 7659
1202 4 aAB 2.17 232,39 2,99 7.20 44 18
1203 8.98 7.52 166,09 5. 05 8.90 5567
12^^ 0.93 0.58 22 2,00 3 .63 4.10 7306
1205 5.78 26.46 172,60 1. 09 10.40 2369
1206 1.69 11.73 20 7,30 5.88 8.30 3478
1207 2.29 7.85 318,90 6,54 4,30 2483
1301 0.49 0.00 356,40 2,90 2. 90 6111
13 02 1.25 0.00 338,00 2, 86 3.70 6235
1^03 0.24 0.00 325,20 2, 94 4.5 5210
1304 0.77 0.42 327,89 2,47 6,20 12625
1401 2.60 0.66 283, 90 3.33 3.90 14953
1402 0.73 0.14 295,79 3.45 4.00 9688
1403 0.99 0.00 285,70 3. 79 5.30 6253
1404 1.23 1.38 330.90 3.69 3.50 7360
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J .' ;i r "5 Ah J A\H ij 3 Su j 1 2
1 V J . 5 « '^0,07 ZtJUi. 1 T . 5 2 I 7 . -.y 1
73.54 7 3 , 4 "S 1.29 ^* •
5 , 2 6 r . 3 • 4 .5 P. . J 2 . 1
4 75.14 7 5 , /4 1 . C 9 3.9 5
.51.59 31.65 0.03 4.37 3.7^
/; 56.36 5 7.0" . 1.0 6 4 . 4.50'
7 ^ B , 5 c? 9 . 3 1.12 3 . 1 1
_2..
7 8.50 7 F , 4 - . 1 3 1 . i 2 9.3 6
1 1 9 1 . 5 4 1 , ? 14, •: 5 2 1.27 1 . '-^ 7
91,73 9 2 , ? C 4 , e c 7 . 2 6 . J ^
1 '-^ -2
_5 1 , 3 5
.
5C, 15 4,60 • "7
1 9 3 . 4 C 9 2,78 3 , 1 7 11.65 .7 • 4 -7
96.20 95, R9 19,22 31.0 9 2 1 . "^2
3 7.27 3 8,16 1 2 . 3 1^.33
:
'^^ 9 5.7 96a74 15.46 2 2 . : 1 1 .2 . 1 P
9 1.45 9 . ^ 7 1 3 . B
_91,Z4„. ._„91... 3 6. S , 4 9 1 1 57 1 . v* .1
9B . 10 9 7.98 13.25 21.6 ? 19.9 6
•)
-x 4 7.63 45.91 20.23 25.77 2 2.9 6
a i_ 95.76 9 5.47 46,39 77.47 7 7 . u 7
-3 ? 9 6.9? 9 6.6 _3 5,C3 3 2. 5 i •i 1 • 4
O '^ -5 73.09 73,59 6,59 12.59 V . 3
-J 9 3.10 97.99 42,9 7 7 3.(».C4 "'-•04^
r 9 9.48 99 , 4a 48,96 86.34 !5 • 3 *-+
99.23 99.15 9,66 3 3.53 3 2.^"^
7 3,43 72,75 6,53 21.83 21.33
78.57 7 8,_0_3_. 6 , Ci3, 31,10 3 w .7 6
L. U 94,78 9 6.6=^ 13,96 55,12 54.37
99.36 1 oc, ?^0 3.48 3:_'4_,_8_1 3_2.91
95.73 96,29 9.15 2 3. 52' 2 0.91
9B. 00 97, 87 5.26 36. 13 3 5.56
4 Q 3 4.62 3 5.15 0.00 5.92 3.23
^01 98.93 98,87 2.61 36.27 34. b2
5 0? 97,55 9 7 . ? 9 ft * C ft 47.52 4 6.51
5 "^3 46,79 45,93 3.32 23.71 23.71
9 3,86 9 P . 7 1 11.32 70.69 69,68
9 5.78 95,32 3 3.69 73.31 78.31
96.24 96,5 9 14.13 73.53 73.53
507 9 7.68 9 7,47 5.61 71 . 94 71.28
100.00 100,00 13.92 78.05 7 7.42
= OQ
,
9 8.95 98,91 3.81 45.14 45.14
5 10 74.40 74,20 1.39 15.07 13.98
^11 69.89 70.28 1.00 9.22 s. 99
97,07 96.73 15,15 63.12 6 0.90
^;01 79.93 79,77 4,42. 31. 29 31.29
60 P 94.33 95,17 1.57 35.58 35.22
603 96,36 97, 08 5.36 39. 5 8 38.18
6 04 90.09 89, 68 4.33 4 0,59 40.12
605 96. 04 9 5,58 9.21 55. 32 55.65
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A'-J', 1". su-1 5J^3 ^.r 2
1 : ^ . T- . - : 1-^.71
.. _..A7. 7
? 3 . 4 ^ 2 7.53 1 . 4 14.37 1 4 . 1 C
e.
r,
'S 3 •: . 2 ? 2 , ? 7 10.22 .43 57.92
i ^ 1 .
'
1 - : , - . 46 5 7.55 ^ . ; V
A. 1 n 6?. 50 5 : . 1
9
4.27 1"'.^6
All 77.3 1 7 7 , r, -
.
J. 3 4 4,31 '•23
^ 1/ \ . 4 7 - " • 1
^1 91,7? 9 2.^0 11.25 61.25 61.25
A 1 ^ 94.41 94.0 = i:.23 49.76 4 V . ^
5 V . 3 2 5 F. , 3
1-1 -
X ^ . w > 2 3 . 9 ^ » L.
7 r- 7 34.2!=; i 5 . 9 8 1 6 . 1^ h 3 7.39
7 9 H . 1 1 9 8.65 2 7 . 5 J 3 4 . 6 V
5.63 3.3 7 52 13.39 ^ c • 4
-roc 93.86 9 6 , B C 2B. 11 3 5.66
"""^ 9 5,85 9 {« , 7 2 2.54 24. 94 2 3.11
7 1 : . 1 :
.
6.4 3 1 . 3 6 1 ^ • 2
"" C ^ 97,73 .97,41 23.19 3 .
2
-.^
-»r g 95.60 ^5.34 29. 04 33.'!*2 3 7 . 2
'1 T 9S.52 1 C . '3 3 7.64 54.^9 5 4 . 9
^1 1 93.77 94, 14 ^5.91 71.01 51.7:;
712 46_,4 7_ 43,1 2 3.5 2 20.53 1 9 . a B
oOl ao.62 ^2,55 c ^ r> 49,37 4 V , 3 7
r p 93.47
_„ _93,4 2 5,36 3 0.57 3^.37
03 5 9 . 3 8 53.05 5,23 13.26 12.7?
44.30 44.22 2.55 22,76 2 1 . 67
9 05 69.76 6 6. 8:3 1 • 1 e. 13.03 lo. 03
O fi 5 43.17 37.37 17.27 17.27
.
93.06 3 9, 44 4.43 45.71 4 5.71
23.50 27.54 0. 9S 4. 92 4.54
74.61 74,77 3.43 1 3 . " 2- 17.7?
oiC 31.30 31.02 2.59 (3.59 r; • 6 ^
''ll 69.05 70.05 1.31 3 . .3 b
?12 36,09 39.70 2.21 14,95
_
14.01
013 60 ,72 59. 16 0.97 13.02 12.25
94.43 93. 03 5.1^ 27.49 2 5.5^
46.04 47, 13 2. C5 19.63 13.70.
32.01 38.74 3. 70 2S. 0^ 2 8.04
P17 5 1.99 5 0.13 1.71 16.32 15.03
PIP 9 1J 17 90. 55 5.07 20. 66 19.35
019 76.86 75.69 1.33 9. 05 7.9 3
85.99 85.68 2.78 9.60 9.15
021 60 .76 60.76 0.57 3.66 3.19
9C1 63.70 33.33 0. 79 11 .47 10.92
902 79 .44 78.33 0.55 7.11 6.33
90"^ 93,76 92.23 1-.12.. . . 9,15 6.25
Q04 87.36 85.65 6.64 21.22 19.53
905 94.38 95.23 1,40 26.56 25.92
906 77.68 81.61 3,54 45.17 44 . 74
90 7 95.34 95.12 2.64 20.30 19.3^
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AMU AHUO S'J-ll sui3 S.- 2
o - P 9 4.05 9 4 . 5 1 . -^c 4 0.39 4 ^ . :j V
^ r ^ 5.94 8.41 1.31 4.16 . 9
1
c 1 c B 6 • 4 9 . a 6. 2 6 4,14 17,24 1 6 . 3
9 . 3 5 9 5.24 * 7 ^}
° 5 , 6 6 8 7.15 4, 6 • 4 C
3 5.24 S7.67 .4,09 2 8.27 27. B5
.i 7 . 3 2 a ^ . 5 2 = .5 7 1 ^ . e 9 1 . i 4
c 1 r. 9 1.39 9 1,43 2.07 12.5: 1 . 2 9'
3 . 7
.
93.24 i . 5 3 2 1 . 5
:
19.57
'-^7.22 9 7 . 1 ^> Tj *w 7.9 '5 7 , 5
_9.3.9 7 95.12 X • c V 1 1 . S 3
CI o «4 .73 B 4 , 4 1 0.59 1 ^ - r 9 .
^ ? n 9 5.44 95.23 1.4 2 7.35 3.24
9 2,47 9 2.28 1 . V 1 15.07 1 5 . S 2
2.1_^4.7. „ 92*51 C .93 4.3? 4 . 3 ci
coo 1 • '+ 3 1 ' 7 A 1 . y U
_ 9 2 4 7_5 . S2 _ 75,_5 3 w . 93 7. 2_C b»^l
57.21 5 6.33 1.5 3 12.25 1 . ^
IC'^2 7 0.05 73.77 2.14 S. S3 c;.d2
1 C 3 76.95 7 7.30 . 34 3.15 7.2 6
ir^oA 8 3 . 2_1 _ 8 3 1 2 8 0.52 4.13 3.57
3 5.38 86.53 2,48 14 . J 5 13.5;
1 'l' A 82.51 83 ,22 1.09 3.70 . 3 5
1 ^ ^ -7 84- 70 ^ ' > •-^ ^ . 7 9 3 • 5 9
11. HO 7 7.50 1.34 5.08 4.55
1 CO 5 5.91 6 6.15 1.43 5.93 5.31
1 0_LC 3_8 _t 2_3 3P._3 2 . ._8 2
.
3.99 3._B4
7 ft . ? 7 ft - 7 C . 5 4 P . 3 3 7.72
1101 75.45 75.28 0.53 ,4.39 _ 3.3 5
Tin? 4 8.38 4 8 . Q 5 -a ^ . 3^^ 2,65
1 1 "^3 5 5.25 6 6 • 2 0.5 5 2.23 1.05
* 1 ^ H 9 . 9 P ( / • 5 . >^ 8 5.32
110 5A ± 33.32 8 8.08 1 • C 9_ 5,_5 5.3 9
i i J O R C, A 5 C J . 3 1 . 't ^ 4 . >' 4
5 9.52 6 9.36 1.70
_
7. 5_8 cj . 3 3
* ^ . .' c ft 1 1 1 ~ 1 • c ~ 16.65
1 ? 3 92.35 93.12 2 , 2 5 15.70 1 . 2 J
9 0.92 9 0.75 4.17 13.70 12.35
1205 9 5.44 9 5,15 4,79 39. 20 3 •7. 2
1 ? ^ r, 9 6.90 9 7.16 3.18 14.45 13.51
1207 63.59 64,22 1.17 13.15 1 2 . C 7
1301 61.08 61,02 0.25 1.79 1.79
13 02 75.06 7 5.84 0.86 2.31 2 .04
1303 75.66 76.53 1. CO 2.3 5 2.35
1304 29.35 29.27 0.94 4.46 H.25
42 .44 42.17 1.06 6, 74 5.39
1402 50.63 49,98 1.26 6.72 6.33
1^03 74.72 74.52 2.05 7.40 6.9
1404 49.52 49. 16 1.43 5.52 0.45
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' V n cr J ! <
^ v' L
I 9.9 5 ^ __-4L.
13.89 18.93 3 8.03 6.25 1 4o . 1 ^ 44 ,. 2
a 11.06 10,43 40.93 6.43 2 01 .95 3 6 <1 ^ w
/+ 4 . 2 2 ^ . 2 5.90 3 . V 15 3 • ^ 3 3 ,
89.32 « 9 . 1 4 4.7^- 1. /O 164 .96 19
6i.9 = 6 ? . 7 i • 15.94 S • 4 ; 1 2^ •! O 1
9 1.0? 9C._7it__. ^.h9 t ^ . w ^
a 49.25 4 5,9 21. 39 6 . 1 1 i ~j ^ <» w
101 9 0.45 89. °2 3.84 3.51 Ib-j .22 1- .» 5
1 ^ ? 9 7.33 9 7.21 1.45 5.25 13 5 .79 A 1j « ^ J
103 9 5.54 9 6.14 ^ , ~ -J . w W 9 • 7 4 122 1 9
\ 4 9 3.31 92.51 1.96 6. :;7 125 1 9 • 1
1 ^ 7t.9? 75. Q==l 4.45 ... ..^4.45 ?T
1 0^ 93.34 9 4 . R •> /'\ \• 2 . <'3 24 i . r B • ^
1^ ^ -7
_ 91 .98 91.96 3.6^ 4.23 17;; . 91 1 L
1 « 9 ? . ^ • / s.' 3.53 2 5 • 1. 1 w -7 '
201 73.57 73.66 12.71 1.56 . - 194 .54 18 .70 .
? ^ ? 74,45 74.3^^ 5.96 2.73 144 .37 12 . 50
? 90.9 1 9 G . 5 2.04 1 .40 ?1 4 . 1 1 :z.i30.
3 '>
]^ 57.53 57.53 15.15 10.30 9 9 .46 H
1
c
302 46.0 9 47.18 15.95 9._90 _ ICl * y ^ 54 .20
B 6 . 9 7 8 7 . ?. 5 4.4 6.33 209 .24 . 9
3 04 54.13 54.12 13. 05 7.66 9 6 . 77 4i ,.60
'5 62.11 6 0.96 15.03 9.51 9 1 .72 44 . 50
401 10.4? 10.47 41.04 4.22 lOS ./7 5C 1
402 55.49 5 5 . 9 't 19.42 13.13 SO .01 t'l . ^ ^
4 03 2S. 16 2 9.71 9.3s 9 1 •.0 7_ 39,1 l
4 '^4 4.65 5.18 3 2.78 5.01 i 16 . 1 44 ,.40
5 , 3,0 3.2 3 49.65 7. 99 104. !.2 4 . 34,» 50
406 7,18 ".14 45.92 12.59' 114 .06 4 ,
407 2.70 1.51 7.12 104 .26 > 1
408 10 0,00 1 . J . 12.95 73 . 1 4 2 3 1
50 1 2.20 2,3? 34. 2 1 ^.37 1 .45 29
50? 3.63 3.63 3 2 .
2
5.35 97 .40 42 . 20
503 7 0.54 72.13 9.45 i . £. " 73 • ^ 37,.30
R04 4.15 4.7 30.33 12.12 90 .75 45 ,. 70
505 57.56 5 2.35 23.57 7.62 ^ 1 .94 1 V
506 13,98. 12.94 2 2.99 6.98 .33 43 ,. 4
5:17 1.80 24,00 1l79_ 9o p3Z^ 39,» 50
50« 2,21 2.31 3 2.08 5.18 93 .62 54,.10
50<3
_ 2.31 32.27 X ^ » ^ J 93 .60 45 , 10
510 16.04 16.18 31.12 6.01 lid .17 4C,. 30
511 21.79 21.50 36.28 5.73 109 .33 45..60
512 10.46 10,72 32.45 9.16 94 .8':+ 4 S ,.30
2Q.13 _2J}..2 9 _ 2ij.26 5.._0I _ • 7 9 33 <1 50
602 7.75 7,45 33. 11 6.35 116 .93 39,. 7
603 5.22 5.a4ij _.35. 13 5,75 .11^ . 8_3 42,.30
604 11.26 11,60 37.56 5.33 99 .64 44 ,, 10
605 10.91 11.41 27.42 7. 50 106 .7V 4 3 «.6.:
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T ^ A r T
' J !1 C '3 _ APA "^!- - A P AR T P£Ri<0 S T A :3
A ^ 1 ? . P 1 4^ 9 « 4 , X ^ > fa
—
Q 1 . 7 KJ ^ m—t—ito. -5 7 - n
~
S 9 . ^^9 9C , 72 2.53 17,97 7 b . 7 7 19.50
C ^ 2.72. 1.79 27,51 9., 53 8 V • 1 3 2 "5 . 3 w'
<^ ^ o O • <1 7 A. :? w , i. 3 * w J • J "
610 5 3,76 6 4.32 12.5b 9*78 76.7 2 7 , 7
3 2,01 8 2,23 • , C 11,41 6 8.92 4 9 . w
1 2 34.93 3 6.63 2 2.3 4,60 3 5,52 'O , 3
J -> . ^ J 7 P ^' X i J • >
•
^
->
Al4 25_i.ll 2 6.60 3 1 , J 3 10.83 S . V 7 i i
Q 1 « /x Q
' X , T 7 Of) A P 7 1 • C J
-7 O 2 4 7, 2 4 A 6 , 3 5 12.14 21,53 1 2 5 . " 1 2 I • 1
7 3 59,17 5 9,64 14.9 7 6.58 1 1 3 • + 6 i. • J
7 0/+ 5 4.34 22 . ^^5 112.21
7 5 2,48 5 4,62 13.15 14.67 8 7.62 2 1.20
7C6 3 3 ,3 2 _ 3 5,49 34.97 11.26 118.19 V . »y
7 7 X O , V ^ X - . X " 1 T '-^ • i+ AX J ^ .
_ i_.W'jJ _ _ _ ._5.9 ,77 6 9.30 , S C 7.2 9 1 . ^ 2 3.50
70 Q 6 ,37 5 9.72 9 - C ^ 4.86 33,30 3 2.30
-710 58,41 6 4,58 1 2 , d 11,37 8 2 . 9 ;i 32,70
7"' 1 3 0.15 8 5,46 ^ 7.15 74.66 3 3.5 j
712 76,11 7 7,08 0,00 14.95 79,3 2 2 • 3 .<
q o -1 2 5,00 21,31 20.93 15.50 81.49 3 i' • 9
Q n p 19,13 17.53 21,75 10,79 10 8.59 2 6.30
Q n 3 5 5.32 5 7 . ft 4 12.29 14.46 9 0.39 11.70
P 0/. 6 3,48 69.52 0,00 11,75 7 9.0 9 5.00
p n c 6 2.33 6 6 . P ^ 7.57 6,91 79.72 2 7.90
so 6 6 7 , B 3 79.01 0,00 9,50 78.15 31.00
s n 7 1 1 . PX X . ~ ^ 2 9.19C 7 # A 7 7.45 8 3.92 ^(5.40
p 3 p 92,49 93.29 3,04 10,73 8 4, 9 9 16,60
PQ 9 40,55 41.13 15,93 5 , 91 — 7~,"5 X 2 3 , C
810 57,22 5 8.02 8.91 5 . v4 136.76 17,50
X X 46.03 ^ i m 1 C 11,11 7.19 13 4.75 2 9.40
P 1 2 72,95 70.90 12,29 16,79 79,92 24,90
B 1 "5i J? 5 . 7 ft 1 ft ..-a m . 7 5 X X ' • fa ~ 12,50
P 1 6. 1 4 . 8 "3 1 4 . P 3 2 2.32 5.54 9 7.99 2 6,10
. X ~ 4 ft 4 2 7 . *i 7.73 X X 1 w ^ \J 21.90fa A • y yy
9.25 Q - ft 4 3 0.22 4,18 10 6.02 3 8,70
a 1 7~ X . 2 4 - 7 18.02 1 1 . 1 S 1 6 • H- 7 1 6 • 70
flip" X ~ P ft - 1 7^ w , X r ? ft . 1 ftc . X 2 4.22 ft . 07 114.24X X ~ • fa ~ 1 9 , CO
fl 1 QX 7 3 7.93 3 6.93 21.73 6,09 117,32 2 2,80
fi20 26,21 23.75 26,90 6.77 115.30 25.40
P21 77.19 77. 08 11,21 8,13 112.22 10, 70
901 27,02 27. 17 23,49 8. 90 119.87 9. 70
O02 50,00 52.04 13, 34 10. 56 117. 7C 10. 70
9 3 29,50 27.01 22.00. 3,9 3 119.06 19.20
°04 10.02 9.31 26.62 13.31 115,15 32 ,30
905 22,86 16.03 25.07 19.52 114.10 23. 30
O06 9.54 8.08 2 8.43 11.83 102.47 30. 90
907 8.34 8.73 27.73 8. 06 119.63 39,20
-145-
..'«. or ? A A"' TO \j / I C = E'<^0 iHtL.VL •J . f.L;
C ^ R 7.7? 7. 11 < 1 . J 1 ..... 13.17 1 1 W.44 3
-w. • 1 -
C 99.5 8 09. 40 u . '.^ 26.17 71.:^. 2 i . 3 ...
n 1 o 23.27 23.51 9.01 12 3.13 ^ iy m '.' ^
1 1 5.38 5.34 3 3.74 7 . 1 B 1 / 1 . ^" '5 ^'t . "'
24.64 24, 13 2 3.23 5.0 7 - 1 14 . 5
1
013 13,93 1 . 6 2 7.37 13.51 113.53
= 1 ^+ 3 5.04 3 5
.
27.eb 1 5. :.7 n z . r,
15.34 14,93 2 4 , V 9 , 3 124.3 2 3 w • 9
13.37 14,42 26. 94 13*42 12 3.45 3 7 .
"17 1.96 1.73 34,06 9.15 1 2 J . 7 1
915 4.39 3.43 :j1,32 11.21 126.90
CI G 2 J . 3 2 2 C . ^ 31,09 14.36 131..; 13.2.
n-) 9.3 7 34.51 7.25 1 2 u . i '•! -iil.* -
^?1 17.35 17,?^ 33.^2 5.5^) 122.72 3 1/ . 4 V
?? 2 12.59 11. 3« 43. 94 6. 3ij 115.50 ^ 3 . 7 w
? 3 • 9 6 9.45 32.16 7.02 13 2.5" 15.7^
924 41.06 _ 3 9.63 13.90 10*84 121.13 3.9
3 . 1 p. 36.42 13.45 15.20 116.33
23.63 23.22 24.80 11.05 14 3.71
1 23.39 2 0.44 36.33 9.35 123.6-.' 2 5. 70
1?C4 5. 82 5.97 46. 9S 6.02 13 4.50 ^0.5:
1 ^^^5 13.08 18.09 32.17 3.42 127.7 7 3 2 . C 1/
1C06 16.42 15.43 33,21 7.84.-.__13 1.5 34, 9:.
1007 2.86 2.59 56.59 5.74 1 3 t> . 't 9 51,10
1 00 17.20 17. 7=i 46. 12 4.75 13 6.55 4 1 . w
1009 11.58 11.32 55.10 5.97 137.53 4 6.50
I'^IO 27. 19
_
26. ^1.38 .5.39 15 9.13 3 i. . \^
1011 2 0.07 20.49 -9.5^ 7.25 1 4 u . 5 9 15.10
1101
_3 2 . 7 1 32.42 27,49 7. 84
,
1 2 3_,J 6 31.90
1102 41.26 40.41 32.49 2.98' 139.03 21.1:
IK'3 6.57 5.16 60.14 9.12 14 0.12 38.70
11 04 8.52 8.69 51.93 6.23 134.35 3 6.20
1105 6.84 6.69 55.86 5.54 135.74 ^ 9 . s
1106 3.12 3.15 64, IS 3.37 13 9.49 5 4 , '5
1201 18.34 18.14 51,72 3.33 13 6.03 40.10
12G2 26.75 25.88 20,62 7.17 128.21 3 2.60
14.69 13.20 2 3, 24 3.15 116.61 3 3.30
1?04 3 0.13. 3 0.02 29,11 5.08 123.43 3 C . A
1205 12.47 12.73 23,43 15. 03 10 8.78 38.20
1206 13.16 13.53 29,20 4. 6C 122.17 3 3.30
1207 49.65 ..._5C.OO 13,04 6.C8 __.A9^-«B6 2 6.20
1301 4.62 4.64 73,33 3.35 14 5.44 ? > . ^
1302 3.06 3.11 73.16 2. 40 15005 5 1 . C C
1303 5.49 5.39 75.73 3.40 154.^7
13 04 31tlO 2 0._9 3_ .52,S1_ . 4...4_I. L57_,29.. _ 2 7.90
16.59 16.60 54.92 7.92 117.64 3 6.10
1402 17.60 17.43, 13.68 _9.67. L3.S.9 3 4 . 4 V
1403 13.86 15.67 47.72 6.53 133.92 4^. 10
1404 18.01 63.74 3.54 151«72 4 2.00

AFPEHDIX E
SERVICZ ZZPEHDITUEE DATA BY CEHSUS TRACT
TA31Z 2-1
PER CAPITA EXPENDITURES 3Y ITEIGHBORHOOD AZC CSIfS'JS IPJ-.TT
NeighborhcKJd and
Census TrsLct \AJXrr vAJWO
1 $0.70 $50.85 $99.00 $17.97 $9.29 $177.81
2 0.76 16.50 21.20 15. 14-0 5.50 59.36
3 0.18 22.30 2U.5O 15.61 U.92 67.51
k 0.8U 20.10 20.10 15.58 3.5U 60.16
5 2.18 I12.85 26.1*0 10.03 2.32 83.78
6 0.U6 21.39 U2.3O 7.28 3.07 71+.50
7 1.59 18.92 26.00 10.91 U.6I 62.03
8 0.85 1*8.52 55.20 8.U5 1*.^7 117.69
Erightoa-All ston Q,98 Z8,31 35,27 12,15 4,42 81.13
101 1.01 19.36 31+.20 5.39 1.37 61.33
102 5.71 29.30 i*u. 90 8.17 1+.05 92.13
103 0.68 19.53 32.00 2.36 1.16 55.73
10k 2.76 17.1+3 5I+.6O 7.52 3.02 85.33
105 8.75 52.19 75.00 15.39 9.06 160.39
106 6.03 87.67 171.90 22. U3 9.1+7 297.50
107 1.83 21.00 51.30 11.99 5.28 91.1+0
108 2.59 29.17 55.90 15.1+5 6.91* 110.05
Back Bay 2.89 26.11 51.51 9.11 3.96 93.58
201 0.75
202 2.62
203 0.89
West End 1.33
25.23 61.10 15.56
27.71 28.70 19.10
95.72 116.50 11.1+0
48.25 69.53 15.25
2.19 IOI+.83
3.90 82.03
7.95 232.1+6
4.50 138.86
-148-
Neighborhood and
Census Tract COHC COFF COPP COWS COSE Tot al
301 1.09 19.05 16.60 19.92 6.63 63.29
302 2.11+ 31.73 73.80 12.76 22.90 143.33
303 1.05 633.92 51+3.80 95.42 55.75 1,329.94
30h 1.95 35.22 19.00 16.19 14.36 86.72
305 I.U7 22.78 66.20 21.37 17.54 129.36
North End 1.57 78,31 80.74 24.30 17.68 202.60
i+01 $1.28 $81+. 09 $71.90 $25.70 $13.42 $196.39
k02 0.11 26.22 36.1+0 12.13 4.90 79.76
h03 0.79 1+2.12 25.20 11.18 6.30 85.59
hOh 1.37 121.69 117.00 34.25 18.94 293.25
U05 0.67 53.63 19.60 13.56 5.98 93.44
h06 1.12 610.52 1+07.90 67.51 73.87 1,160.92
hoi 0.28 II+2.96 116 . 1+0 25.18 18.96 303.78
k08 0.11 201.89 237-40 1.62 10.28 451.30
Charlestown 0.66 99.00 84.68 18.15 12.10 214.59
501 0.55 1+7.27 29.50 25.35 13.11 115.78
502 0.32 27.1+2 20.80 25.08 12.11 85.73
503 0.35 163.65 67.60 23.55 10.24 265.39
50h 0.12 28.83 7.70 42.90 17.39 96.94
505 0.68 16.76 8.90 14.15 14.52 55.01
506 0.67 62.76 11.20 42.06 25.23 141.92
507 0.39 29.07 10.30 11.69 12.51 63.96
508 0.39 30.73 6.50 16.81 15.87 70.30
509 0.71 52.1+3 53.60 16.31 13.06 136.11
510 0.2U 68.67 l+i+.70 20.41 8.21 142.23
511 0.18 56. 7U 1+0.50 20.44 l4.li 131.97
512 0.1+6 89.37 159.60 31.54 11.80 292.77
East Boston 0.40 55.03 42.12 23.17 13.19 133.91
-149-
Neighborhood and
Census Tract COHC
601 1.08
602 0.87
603 1.33
60k 0.22
605 1.62
606 3.18
6OT 0.37
608 3.65
609 1.21
610 0.87
611 0.00
612 0.31
613 $1.15
6lh 3.08
South Boston 1.04
701 0.61
702 1.61
703 3.k6
lOh 0.00
705 3.56
706 k.69
707 9.27
708 7.61
709 10.56
710 k.Ok
711 5.20
712 1.23
South End 4.10
COWS
66.73 52.10 27.73
17.18 17.50 20.73
18.69 12.40 53.81
12. 59 11.60 44.96
48.03 42. 10 21. 43
476.96 399.90 83.32
12.75 21.70 6.50
25.77 96.20 32.82
24.42 70.30 31.91
16.46 7.30 15.88
44.67 47.60 .60
IQ.63 2.70 12.83
$89.04 $91.10 $48.69
349.53 447.30 67.93
44.31 46.18 29.65
788.101,165.50 105.63
230.98 323.00 29.29
66.62 145.00 30.91
131.57 88.40 7.05
85.72 16. 40 18.13
30.95 67.60 21.41
153.50 239.70 58.19
42.17 104.00 19.38
40.33 116.00 14.27
36.86 106.00 26.68
86.47 186.50 13.91
121.18 110.00 10.26
119.81 161.02 24.72
COSE Total
7
Q 1 s 6s 4^
1 4 7? 100.96
Q 58 78 QS
8.27 121. 45
43.01 1,006. 37
4.04 45.36
21.16 179.60
15.55 143.39
8.94 49.45
2.02 94.89
5.78 32.25
(fc^-a 07
QOl. i+T
11,02 132.20
71 ?7 p 1 "^1 ?i
11 ifi 596.04
1 ? q4XC- • ^ *T 1 ^6 7S
in ?n 134.95
16.58 189.74
14.52 195.68
10.02 183.60
20.56 312.64
6.07 248.74
15.34 324.99
-150-
Neighborhood and
Census Tract COHC COFF COPP COWS COSE Total
OOl 0. 1?T 294.27 Dpi?. 40 53.64 47. 31 1,055.19
o o 31. 57. 70 on Qo21 . 03 13. 43 1 A^ AT
± • 11 07 At T ^ nT10 . U ( c n c5 .Up Aa n A
ftnli 1 no1 . Ic: 03. 55 Hp . OU 1 A nA10. 90 1 n 7n10. (9 OTA oil
oup Q At 55. d2 1 "3)1 An13'+. OU 0)1 1 c:£:4. Ip 1 c 11ip . 11 000 c c232. 55
OUD 1
.
'3)1 00 -1 07 "sn1"^ ( . 3U of 1 )iidO . 14 on f "3iiU . 03 AAA TA209. r9
An7 D . DO 0)1 A An300. OU fr\ RfDU . OD p . 35 c of oAP35. 20
U . 4 ( lU . 1 j o<C on )i n74 . U 1 1 701. |2 )i "3 on43.
Ano u • Dy X4 . £:D ip . lU TO TOly . It: k ^^A4 . DO c on "31p 3U . 31
An n ± • 0)1 no oA AnC.O . OU 1 c; noXp . Vtl )i 104 . xy 7^
I J . 4D
1 SliX . P't 22 73 "30 on X y . XX "^p ftp (^n
vJX^ n 1
7
. P W PQ
At o013
.
T C CZ1.55 ju. Id ^nDl. DU 1 f. 0715. 3 ( < 1 R. ip Hp . 03
An li l.Dl 27. 20 7<C ^n7d .DO oi 1 A31.10 n li 79. 47 1 \\f 1145
.
xd
olp 0. oO 25. 2d 54. 70 lO. 15 3. 39 1 1 oi113. 31
At X. 'til liA h.^ Ac; Anop • OU 1 R "^0-1-p
. py 1 ^ 01xp.yx • 1 67 1 7XD ( . X
(
817 0.18 37.91 73.90 13.i+7 7.51 132.97
818 1.19 28. 03 59.60 T Oct13. 05 A CO9.52 T T in112 . 19
819 $1.21 $10.92 $U8.00 $li+.35 $ 6.93 $81.1+1
820 2.86 17.26 55.00 12.15 8.35 95.62
821 1.67 11.05 32.30 10.22 3.10 58.3I+
Roxbury 1.28 27.61 61.86 16.45 7.24 114.44
901 1. 46 9.57 51. 30 14.53 ^ ii5. 42 o3. 3o
902 3.75 33. Ul 31.70 7.60 10.94 07. 4o
903 4.97 23.93 61.00 25.02 12.03 126.95
90 i+ 1.77 18.55 52.60 20.89 12.81 106.62
905 2.82 13.01 1+1.50 23.55 13.1+8 9I+.36
906 1.03 23.i+6 7^.80 33.96 12.55 II+5.8O
907 1.65 kk.29 20.60 26.23 8.07 100.81+
908 1.88 18.91 38.20 23.57 9.96 92.52
909 0.09 19.69 53.10 0.26 2.3U 75.1+8
-151-
Neighborhood and
Census Tract COHC COFF COPP COWS COSE Total
910 2.10 25. 02 78. 70 26. 16 12. 32 11+ 1+. 30
911 1.27 9. 72 16. 30 21. 69 7. 10 56. 08
912 2.05 25. 6k 111. 90 25. 1+3 7. 69 75. 71
913 2.96 21. 96 35. 00 23. 1+0 8. 02 91. 31+
9lh U.05 22. 88 1+8. 60 19. 51 8. 21+ 103. 28
915 3.08 16. 17 26. 90 17. 57 6. 50 70. 22
9l6 1.60 21. 28 28. 70 19. 17 6. 79 77. 51+
917 1.12 16. 00 26. 90 II+. 16 8. 1+2 66. 60
918 3.35 12. 91 31+
.
80 15. 05 9. 98 76. 09
919 1.55 lU. UO 59. 70 18. 07 6. 1+6 100. 18
920 0.63 16. 33 22. 00 18. 58 6. 71+ 61+. 28
921 1.7^ 2k. 01 1^7. 10 29. 81+ 7. 31+ 110. 03
922 1.26 28. 29 38. 10 20. 1+8 6. 97 95. 10
923 1.1+1 2I+. kl 69. 80 33. 79 6. 51 135. 98
92k 3.87 19. 15 1|1+. 1+0 II+. 91 5. 19 87. 52
North Dorchester 2.08 20 .02 41 .32 19 .98 7. 80 91. 20
1001 $2.69 $1U..01 $3U..10 $ 8,.37 $ 1+.,1+2 $ 63..59
1002 3.71 10..55 32,.80 15..55 8.,60 71..21
1003 1.61+ 9..97 20..70 27^.27 6. 21 65..79
lOOil 0.30 11+,.58 27..60 27..1+1+ l+.,06 73..98
1005 1.09 111..kk 25..90 23..1+0 5. 68 70..51
1006 0.95 26..92 27..70 21,.65 7. 32 81+,.51+
1007 0.63 19..97 23..00 28,.69 8. 63 80..92
1008 0.87 17..1^7 23..50 27^.70 11+
.
81+ 81+,.38
1009 1.20 30..25 1+5..00 21,.63 9. 59 107..67
1010 1.35 Ii3.,Ul 26.,1+0 20..81+ 11. 06 103..06
1011 3.12 12. 95 11.,80 17..58 5. 66 51.,11
South Dorchester 1.62 39. 62 26. 26 21. 23 7. 81 96. 54
-152-
Neighborhood and
COFF COPP cows COSE Total
1101 0.37 62. 58 71+.20 15.10 6.1+U 158.69
1102 0.90 1+0. 07 77.20 15.58 9:07 1I+2.82
1103 1.08 33. 61+ 1+0.1+0 31.56 11.62 118.30
llou 0.53 22. 37 21+.30 26.70 8.55 82.1+5
1105 0.38 19. 05 9.1+0 17.1+1 8.29 5I+.53
1106 0.08 35. 19 21+.90 18.21 5.72 81+. 10
Roslindale 0.1+2 3I+. 70 35.37 19.90 7.60 97.99
1201 0.56 31. 88 58.30 30.29 6.81+ 127.87
1202 1.1+2 10. 36 30.30 II+.I+7 8.33 6U. 88
1203 1.85 32. 90 36.10 25.80 i+.90 101.55
120 U 0.77 11. 28 1+2.80 18.31 6. 71+ 79.90
1205 0,60 19. 32 53.10 19.17 8.32 100.51
1206 0.1+6 13. 16 30.30 17.65 2.98 61+. 55
1207 0.57 19. 67 1+6.50 7.91 3.97 78.62
Jamaica Plain 0.93 20. 91 1+3.32 21.02 6.20 92.38
1301 0.08 32. 1+6 35.30 18.88 10.52 97.2I+
1302 0.1I+ 7. 31+ 15.90 17.91 7.15 1+8.1+1+
1303 0.02 22. 12 18.70 18.38 8.51 67.73
130U 0.3I+ 18. 12 26.30 19.93 9.52 7I+.21
West Roxbury 0.19 19. 58 2I+.5O 19.01 9.0I+ 72.32
1 Um •pu • op $32. 61+ <J)<iD . DU $ 09.96
11+02 0.1+0 25. 20 29.10 17.10 8.35 80.15
11+03 0.51 31+
.
17 29.20 2I+.3I+ 10.28 98.50
ll+OU 0.52 31. 10 27.00 27.18 9.65 95.1+5
Ifyde Park 0.1+3 30. 71 27.78 22.93 8.13 89.98
Boston 1.38 36. 19 1+8.13 19.15 8.09 112. 9I+
1


